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ABSTRACT 


The study was designed to investigate and describe teacher 
behavior in the individualized instruction method in grade seven 
mathematics. In order to show the differences in behavior required, 

a control group was used for the purpose of comparison. There were 
five teachers in the experimental group and three teachers in the 
control group. Both groups covered the same material at about the 
same rate. The teachers in the experimental group used nrenared 
reference material while the teachers in the control group used the 
authorized text book. 

The main purpose of the thesis was to describe what a teacher 
in the individualized setting did in the classroom and out of the 
classroom. Suitable instruments had to be designed to gather the 
data necessary for the description of the teacher behaviors, attitudes, 
and workload. Three types of instruments were designed by the writer. 
The instrument used for classroom observation was based on a technique 
used by Medley and Mitzel. The writer came to this decision after 
a review of related literature. 

The teachers in the experimental group were observed three 
times each in the independent study class and twice each in the | 
teacher-taught class. The teachers in the control group were observed 
four times each, except one who was observed only three times. The 
teachers in both the experimental and the control group were asked 
to keep the log sheet for an entire week on three different occasions. 


At the end of the investigation the teachers in both settings were 
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to complete a questionnaire on their personal reactions. 

The findings based on the data obtained from the above instru- 
ments showed that the behaviors of the teachers in the experimental 
groups were considerably different from those of the teachers in the 
control group. There were two aspects of the experimental setting: 
the independent study class and the teacher-taught class. The teachers 
in the independent study class did not check assignments; they did not 
‘teach formally; they did not use directed practise; and they did not 
deal with the entire class extensively. The teachers in the indepen- 
dent study class did spend a considerable part of the class period 
dealing with individual pupils. The teachers in the independent 
study class were more positive in their actions than negative. They 
appeared to have very few discipline problems which turned out to be 
deceiving, for the teachers felt that it was much more difficult to 
maintain discipline in the independent study class. 

The same teachers conducted the teacher-taught classes. In 
this class the teachers did spend 100 per cent of the time lecturing 
and explaining. The pupils were mainly free to attend or to work on 
their own. Depending on the difficulty of the topic under discussion, 
the attendance would vary from about 15 to about 55. 

The teachers in the experimental group needed considerably 
more time for marking, preparation, and group planning than the 
teachers in the control group. 

Despite the heavy workload the teachers were generally satis- 
fied with the format of the program and reported to prefer individu- 


alized instruction over regular classroom teaching. 
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CHAPTER I 


THE PROBLEM 


Introduction 

For many years authors of educational psychology texts and 
professors of educational methods courses have advocated that the 
classroom teacher should provide for individual differences. However, 
little more than lipservice has been paid to this important concept 
(Glaser, 1966). Some early attempts worthy of mention have been made 
to provide for individual differences. The Dalton plan and the 
Winnetka plan, for instance, are probably the best known of these 
early attempts. Perhaps these plans were too far ahead of their times, 
for none were widely adopted. Many were never attempted beyond a 
single school jurisdiction. No one has any concrete evidence as to why 
these methods did not find wider use. The reasons why the methods 
did not find adoption could be many and varied. Among some of the 
reasons that could be listed, perhaps, are the following: lack of 
communication; lack of financial resources; lack of qualified and 
competent teaching staff; lack of interest; the possibility that 
people were not ready for change; and perhaps the fact that some 
methods just did not work. 

Some methods found a much wider application and yet even these 
slowly disappeared. The Enterprise method was perhaps the best example 


of this. The Province of Alberta began using this method in 1936 
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2 
under the leadership of H. C. Newland. The Enterprise method did not 
remain a permanently established method mainly due to lack of communi- 
cation (Patterson, 1969). There was no effort made by the innovators 
to sort out the differences teachers had, for instance, with respect 
to the idea of permissiveness (freedom) and the idea of activity as 
these were intended by the originators of the method. The teaching 
ranks were also divided due to the blurring of the goals by the leaders. 
The leaders were more concerned about the teaching procedure than about 
the final outcomes and hence failed to relate ends to their means 
(Patterson, 1969). Patterson (1969) indicated that the final blow 
to the Enterprise method was the drain-off of the teaching personnel 
by the war effort during the second world war. The people called 
back into the teaching service were unfamiliar with the Enterprise 
method and coupled with this was a lack of available sources of help. 
Communication and preparation had been and remained a problem of the 
Enterprise method. The Enterprise method was introduced in 1936 
after Newland had trained only 75 of the best teachers in the province 
during a summer school in 1935. Hence the teaching staff in the province 
was poorly prepared when the method was introduced province-wide 
(Patterson, 1969). 

Communication is important especially when new teaching 
methods are being developed. Presently team-teaching is in vogue. 
The writer has found, in talking to several teachers, that once again 
they are reluctant to use team-teaching, mainly, because the teachers 
are not aware of what is expected of them. The reason for this reluc- 


tance is perhaps due to the lack of reporting, by researchers, in the 
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professional literature, exactly what the teachers did during team- 
teaching experiments. 

The problem cited in relation to team-teaching appears to 
exist in much of the literature reporting educational innovations. 

As an diampis pent writer checked through the issues for the years 
1967, 1968, and 1969 of "The Mathematics Teacher" and found that of 
thirty-five research articles, dealing with innovations in mathematics 
education, only five articles made reference to what a teacher was 
expected to do. None of the articles described what the teachers 
actually did or how much time was required for preparation and related 
tasks. In general, articles referring to individualized instruction 
also are lacking in describing the teacher-role. Because the teacher- 
role aspect, and particularly the teacher-interaction with the pupils, 
of individualized instruction are so central to its success in the 
classroom, the writer has decided to study and describe the teacher 
aspect of individualized instruction in secondary school mathematics 
and to describe as clearly as possible what a teacher does in this 
Situation: both in and out of the classroom. The particular form 

of individualized instruction used for the purpose of this study will 
be described in Chapter IV. 

Individualized instruction is one of the latest attempts at 
providing for individual differences. This teaching method attempts 
to let each pupil proceed at his own rate and at his own level of 
achievement. A project based on the concept of individualized instruc- 
tion had been started by a small group of teachers of grade seven 


mathematics. The teachers agreed to a more elaborate study than they 
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4 
were attempting, and so this project was started with their cooperation. 
Results obtained from this project are being reported in three companion 
theses: one by Marvin Westrom, describing the development of materials | 
and the theoretical model for this project; one by Audrey Sunde, 
reporting on pupil achievement; and one by the writer, describing 


the teacher role in the experimental setting. 


Statement of the Problem 
The reports on research published in "The Mathematics Teacher", 
referred to in the introduction, seemed to report most frequently on 
pupil achievement in a particular program or on how attitude and 
behavior of pupils changed during the duration of the experiment. 
They failed to report on what and how teacher behavior changed. To 
fill a need in this area and because of the importance of the teacher- 
interaction with the pupils in the individualized setting, the writer 
decided to do the study. The writer found it necessary to formulate 
some general questions which would help him in the design of instru- 
ments and in research procedures. Specifically, he formulated the 
following questions: 
1. What does a Pome tar teacher do in a classroom in 
which individualized instruction is operating? 
2. How much time does he spend on the tasks related to his 
teaching in the individualized setting? 
3. How does he plan and prepare? 
4. What are his reactions to the program? 
5. How do the above in the individualized instructional 


setting compare with the same areas for teachers in a 
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regular instructional setting? 


Significance of the Problem 


It is important to obtain the answers to the above questions 
and to describe teacher behavior for three reasons. One, it is impor- 
tant to evaluate the method, for if seemingly impossible tasks are 
asked of the teachers using this method then the method has inade- 
quacies and is undesirable. Secondly, it is important to describe 
the behavior in order to be able to replicate the experiment. Thirdly, 
it is important to describe teacher behavior because of the implications 
for the training of teachers, administrators, and support staff in the 
use of this method. In other words it is important because of the 
implications for the restructuring of method courses which are intended 
to prepare the teacher to use individualized instruction. Included 
in this latter point are also the implications for inservice training 


of the existing personnel. 


Limitations 
Since the writer was unable to select the teachers used in 
the project randomly and since the number of teachers was small it 
was necessary to report the findings as a case study. Thus the results 


of the study cannot be generalized to any existing larger population. 


Delimitations 

Since the instruments used were basically designed by the writer 
and since no facilities nor time were available for properly piloting 
these instruments, the results of the research are delimited by the 


adequacy of the instruments used. 
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Definition of Terms 
Individualized Instruction: 

Individualized instruction is a style of teaching which permits 
pupils to progress at their own rate and at their own level through 
the required materials. The pupil has the freedom to work independently 
or in cooperation with one or more pupils. The teacher acts as a 
resource person and diagnostician and makes sure that the pupil works 
to his full potential. 

Regular Classroom Teaching: 

Regular classroom teaching is that style of teaching which is 

in accordance with the presently accepted notion of instruction. 
Experimental Group: 

The experimental group is that group of teachers involved in 

the individualized instruction. 
Observation Schedule: 

The Observation Schedule is the instrument used in the recording 
of observed classroom behaviors of pupils and teachers. The schedule 
is in Appendix B. 

Log Sheet: 

The log sheet is a page on which the teacher daily records 
the different amounts of time spent on the indicated activities. The 
log. sheet is in Appendix C. 

US 

IPI, Individually Prescribed Tre etuction: is a form of indi- 

vidualized instruction developed for elementary schools in the Oakleaf 


School in Pittsburgh. 
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Formal Teaching: 


Formal teaching is the act of teaching in which the teacher 
makes a presentation or explanation to the entire class with or 
without pupil participation. 

Teacher Lectures: 

Where the teacher gives a discourse for an extended period of 

time without the verbal participation of the pupils. 
Directed Practise: 

The teacher presents the pupils with a task related to the 
subject matter just taught and gives specific instructions. The 
intention is to find out if the pupils grasped the idea(s) the teacher 
tried to teach. 

Seat Work: 

Students are working on assigned material either independently 

or in small groups at their desks. 
Teacher's Role: 
The teacher's role is the function and its attendant behaviors 


which a teacher displays in relation to a required instructional mode. 


Outline of the Thesis 

In this section the writer intends to give a brief overview 
of the contents of the thesis. In Chapter II a review of the literature 
related to the observation techniques and the teacher role in individu- 
alized instruction will be given. The development of the instruments 
used in the gathering of the data for this thesis will be described 


briefly in Chapter III. Also a brief discussion on the use of the 
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instruments will be included in this chapter. Next in Chapter IV, 

the writer will describe the design of the experiment, its procedures, 
and the analysis of the data, and finally a section on the calculation 
procedures used for the analysis of the data. Then in Chapter V the 
results, the interpretations, and conclusions will be reported. The 
concluding chapter, Chapter VI, will contain the implications of the 
findings for further research, teacher training, and inservice training. 
The thesis ends with the Bibliography and the Appendices. In the 
appendix will appear a sample of the materials used in the individu- 
alized instruction program, a sample of each instrument used for the 
collection of the data and the data used for the analysis of the 


results in this study. 
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CHAPTER II 
REVIEW OF THE LITERATURE 


Introduction 

The literature related to the thesis can be divided into two 
categories. The first category includes the literature related to the 
teacher role in individualized instruction. The second category 
includes the literature related to observation techniques used for 


observing teachers. 


Literature Related to Individualized Instruction 

As was noted in Chapter I a number of early attempts were 
made to provide for individual differences. Among these were the 
Dalton plan and the Winnetka plan. The Dalton plan was first intro- 
duced in 1919 and was used mostly from grade four through high school. 
In 1920 it was adopted by a high school in Dalton, Massachusetts. 
The major emphasis was on group life rather than on the curriculum 
itself (Anderson, 1966: 79). The program had two distinct phases. 
One part contained the academic subjects which were taught on an indi- 
vidualized approach and the other part contained the non-academic sub- 
jects which were taught by class or group methods on a non-graded 
basis. In the academic subjects the pupil contracted a unit of work 
_which he could complete at his own speed. Each contract contained 
about a month's work. The subjects were subdivided into a number of 


related jobs or contracts. The pupil had to satisfy one requirement 
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10 
at all times in that he was to maintain an even pace across all subjects. 
The writer briefly referred to the organization of the program in order 
to be able to infer what the teacher might be doing in this setting. 
The teachers were to be subject specialists and each teacher was to 
teach in a specially equipped room. From the foregoing it would appear 
that a teacher dealt on a one-to-one basis with the pupils and that 
he would give assistance when asked. There is no indication that he 
would lecture or teach the entire class for any length of time. The 
specialist requirement would seem to indicate that the teacher was 
expected to diagnose and guide the pupil to the proper learning task 
in the academic subjects. The writer speculates with respect to the 
academic subjects only since that approach is of importance to the 
present study. 

The Winnetka plan also dates back to 1919. This plan also 
divided the curriculum into two parts. The one part contained the 
basic subjects which each pupil had to master and the other part 
contained group and creative activities. In oe latter areas the pupils 
had no specific standards to meet. Each part of the curriculum had 
a half-day devoted to it every day. The basic subjects were divided 
into unit lessons. The pupils worked these until they felt ready to 
take the mastery test (Anderson, 1966: 78). The approach to the basic 
subjects implies a form of programmed instruction, where the teacher 
would appear to act as a resource person. Anderson (1966) indicates 
that the teachers planned as a team in that they had a form of co- 
operative planning and program development. Again the writer is inter- 
ested in the basic subject area of the curriculum and the teacher's 


role in that setting. It appears once again that the teacher in that 
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11 
setting mainly deals on a one-to-one basis with the pupils. It is 
difficult to state Hee the teacher actually did. The setting, however, 
seems to imply a form of individualized learning. 

In the foregoing two plans the role of the teacher would appear 
to be distinctly different from the normally accepted role. His 
efforts would appear to have been directed toward dealing with the 
individual pupil and would appear to be a role of directing and 
guiding the pupil. The setting definitely provided the opportunity 
to help each pupil with his individual problems and difficulties. 

The attempt was to try to provide for individual differences. 

Presently several plans are in the process of being evaluated. 
Each of these plans has the aim to provide for individual differences. 
Among these are I.M.U. in Malmo, Sweden; Project Plan in Palo Alto, 
California; I.P.I. in Pittsburgh, Pennsylvania; and individually 
guided learning in Milwaukee, Wisconsin. 

Before describing in more detail any of the plans mentioned 
meth previous paragraph, the writer would like to refer to an article, 
published by Bloom in 1968, in which he gave an outline of a possible 
model for individualized instruction. In this paper he implies that 
the teacher has to be able to form a diagnosis of the pupil's needs 
on the basis of what Bloom calls a “formative evaluation”. The 
formative evaluation is based on diagnostic-progress tests. On the 
basis of these tests the pupil is told if he has reached mastery of 
a unit of work or not. If the pupil has not reached mastery the teacher 
has to prescribe the appropriate learning situation, the appropriate 


learning task, and the appropriate materials for the particular pupil. 
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12 
Thus Bloom seems to suggest that the teacher perform the role of a 
diagnostician and prescriber. Bloom speculates that no learning 
technique or instructional method can be overlooked in a program of 
learning for mastery. The teacher role is implied to be a complex 
one, for in part Bloom states: 

We suspect that no specific learning material or process 
is indispensible. The presence of a great variety of instructional 
materials and procedures and specific suggestions as to which 
ones the student might use help the student recognize that if 
he cannot learn in one way, alternatives are available to him. 
(Bloom, 1968) 

The task for the teacher becomes even more complex when Bloom 
suggests that at present there is no firm evidence on the relations 
between student characteristics and instructional materials and pro- 
cedures. The role of the teacher in the setting Bloom suggests is 
one of dealing on a one-to-one basis with the pupil and that he has 
to diagnose and prescribe. 

The developers of the IPI method have implied much the same 
role for the teacher as Bloom suggested. They say that the teacher's 
function is: 

To administer placement and pre-tests, diagnose needs of 
learner, prescription writing (review background information and 
test scores), analyze student progress, provide guidance, prescribe 
post-test, and determine mastery. (Scanlon and Bolvin, N.D.: 11) 

Thus the main emphasis for the function of the teacher is 
on diagnosis and prescription with guidance. At this time the materials 
to be used have all been prepared and the teacher has to make the 
selection from among them as well as to determine if the pupil will 


have large group instruction, small group instruction, individual 


tutoring or if he will work independently on the programmed material. 
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13 
The task in this setting has been simplified to some extent as compared 
to what Bloom suggested. The teacher has a finite number of provided 
alternatives to select from. 
To gain a little more insight into what the teacher role in 
the IPI setting is, consider the following quote. 
One rarely finds a teacher lecturing in an IPI class. He 
is too busy carefully observing each child's progress, evaluating 
his diagnostic tests, writing prescriptions, and instructing 
individuals or small groups of pupils who need help. The teacher's 
role is what experienced teachers have been seeking for many 
years -- that of teaching, evaluating, and making important 
educational decisions. All individual pupil prescriptions are 
reviewed by the teacher every day since the majority of the pre- 
scriptions do not last more than one class period. (Deep, 1968) 
For the IPI project a program of teacher training has been outlined. 
The aims outlined in this program do give some indication as to what 
the teacher is expected to be able to do in the IPI setting. The 
teacher is expected to be able to specify learning goals in terms of 
behavioral objectives. He must be able to assess a pupil's achievement 
of his learning goals. Then he must be able to diagnose the learner's 
characteristics as well as being able to plan long-term and short-term 
learning programs with pupils. Along with this he must be able to 
guide pupils in their learning tasks and be able to direct off-task 
pupil behavior. Finally he must be able to evaluate the total learner. 
Another requirement which is considered essential is the ability to 
work with his colleagues as a member of a team as well as being able 
to enhance the full development of a child's potential (Southworth, 
1968). 


The IPI program has been described and detailed reasonably 


well in the literature. At present the evaluation of the program is 
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14 
continuing. 

Another program for individualized instruction has been developed 
by the American Institutes for Research, Palo Alto, California. This 
project is known as Project PLAN. The name of the project in a sense 
gives the main idea about the program; PLAN stands for Program for 
Learning According to Needs. The basic idea for this plan is to use 
existing commercially parte materials rather than specifically 
prepared materials. A computer is used to assist the teachers in 
the evaluation of a pupil's progress. The program is just now ready 
for large scale testing (Phi Delta Kappan, April, 1970: 456). "Project 
PLAN is an attempt to mobilize the tools, the technology, and the 
procedures of modern education behind the teacher in a systematic and 
comprehensive attempt to organize instruction ep to the needs 
of the individual student" (Mager, 1967). It is difficult to state 
precisely what the teacher's role is intended to be, but their literature 
seems to imply that the teacher again has a role of diagnosing, guiding, 
and evaluating. The teacher does not prescribe. The last conclusion 
has been drawn from the statement: 

The student is provided the option of choosing among relevant 

instructional procedures the one or ones judged by him to be 
most suitable for him. (Mager, 1967) 

The above statement does imply, however, that the pupil has 
been supplied, by the teacher, with a number of alternatives suitable 
for him. The teacher seems to have therefore a definite guidance 
role. To be effective in this role the teacher must be able to 
evaluate and diagnose accurately. 


At the University of Wisconsin a program for individually 
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guided learning has been developed. This program has an added feature 
in that it has also developed a new concept of administration and 
organization of the school staff. It is hoped that the new admini- 
strative organization will facilitate the program of individually 
guided learning. The new organization of the staff gave rise to the 
multiunit school. There is at least one unit per age level under the 
leadership of a unit leader. The unit leaders together with the prin- 
Cipal form the administrative unit of the school. The emphasis in 
this program is upon guidance. The teachers are expected to guide 
carefully the pupils in their learning experiences (Klausmeier, 1969). 
The teacher role in this setting is one of guiding which in turn implies 
that the teacher must be able to evaluate and diagnose. 

In Malmo, Sweden, yet another project has been developed for 
the purpose of individualizing instruction. The IMU project will 
have completed its first major testing period in 1970, In order to 
be able to state what the teacher role may be in this program it will 
be necessary to describe the program. Their literature does not make 
any specific reference to the expected role of the.teacher. The 
approach used for the IMU can be shown best by a diagram, which 


shows how a module of work is covered. 
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ANSWER 
BOOK 


SCHEMA SHOWING IMU MODULE COVERAGE 


FIGURE I 


Three years of work has been divided into nine modules. Each 
module is covered as shown in the diagram. Hence all pupils cover the 
A component together, then on the basis of a post test the pupils 
are divided into three streams and put in the B component as shown, 
where B3 is for the low achiever and B, is for the high achiever. 

At the end of the B component post tests are given and a M812 Bitene 
of levels is made before a pupil goes on to component C. Finally 
after the post test of component C further time is made available for 
enrichment in component D. Components A, B, and C are expected to take 
about one month each to cover, so that the teacher has to assess his 
pupils about ten times per year. For each component there is a 
separate booklet and answer key. Within each component there are 
diagnostic exercises for the pupil to score himself, on the basis 


of which he proceeds through the work (Ureberg, 1968). 
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One aspect of the teacher role appears to be that of a resource 
person, for no mention has been made of large group instruction or 
small group instruction. Another aspect appears to be the task of 
evaluating, diagnosing, and assigning of pupils to their proper learning 
level. These aspects would imply that the teacher should be able to 
diagnose and guide pupils in their learning activities. However as 
was stated before, the stated role of the teacher has been based on 
speculation on the part of the writer. 

All of the major studies mentioned up to this point give very 
little information about what the teacher does in the particular 
setting. It is even difficult at times to determine what his role in 
the broadest sense is supposed to be. Even IPI reports are still 
in general terms. What the teacher does specifically and how much time 
he devotes to it is not reported. Of course, it has to be realized 
that all of these programs are still considered to be in the experimental 
stage. Perhaps it cannot be expected as yet to receive any information 
in published form which deals with specifics. 

Besides these major studies, studies on a smaller scale are 
being attempted. Some are attempted by a single teacher in a single 
class. Many of these attempts will never be known, for these are not 
being documented and reported. Nevertheless many of these could be 
classified as attempts at individualization of instruction. Wade (1968) 
stated that any attempt which satisfies the condition stated by 
Glaser does constitute a form of individualized instruction: 

Individualization of instruction is the adaptation of instruc- 


tional procedures to the requirements of the individual learner. 
(Glaser, 1965) 
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An example of a single teacher attempting a program which satisfies 
the above condition was reported in the SCAT Bulletin (published by 
the Science Council of Alberta Teachers Association) of June, 1969, 
where Lorincz outlined a program of self-study in Chemistry 30X. 
Actually some writers encourage teachers to individualize instruction 
on their own. Hunter (1970) published an article outlining how to 
adapt one's teaching style to a form of individualized instruction. 
The fact remains however that none of the literature mentioned described 
in detail what a teacher does in an individualized setting. 

Mortlock (1969) reported a style of teaching which attempted 
to cater to individual differences. His instructional model had two 
phases for each topic studied. All the objectives were stated by the 
teacher’ in behavioral terms. During phase I Mortlock taught all the 
children at an intermediate level. During this phase the teaching 
style did not differ appreciably from the regular style of teaching. 
At the end of phase I the pupils wrote a post-test on the basis of which 
the teacher placed pupils in one of three streams for phase II. In 
phase II the program took the form of independent study with the teacher 
as a resource person ready to give individual help. In outline, this 
program is actually similar in format to components A and B of the IMU 
program, except that the teacher taught the first phase. In the second 
phase the teacher worked mainly with individual pupils and small groups. 

The individualized instruction reported in this thesis was 
based in format upon the study by Mortlock. The phase I, however, 
was also covered in an independent study form, but all the students 


worked the material in phase I at the intermediate level. For the 
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description of the study see the section "The Experimental Setting" 
elsewhere in this thesis. 
In the next section the writer will report briefly on the 


literature related to the classroom observation techniques. 


Literature Related to Classroom Observations 

For many years forms of observation techniques have been used. 
It was apparently believed that an expert in education could determine 
by observation if a teacher was an effective teacher and this belief is 
still held. Superintendents, inspectors and faculty consultants 
visit the classroom for the purpose of evaluating a teacher by obser- 
vation. The process is very subjective and difficult to use in any 
rigorous study. More objectivity is desired. Several attempts have 
been made to make the evaluations more reliable and objective. 

The earliest attempt at using a recording technique for the 
purpose’ of evaluating a teacher's effectiveness appeared to have been 
made by Horn (ediay and Mitzel, 1964: 254). Horn was a school 
inspector and hence vitally interested in the performance of the teachers. 
He believed that through the recording of the verbal interactions 
between pupils and teachers one could determine the effectiveness of 
a teacher. Horn took a seating plan and placed a circle in the appro- 
priate square for each recitation a pupil made. He thus attempted 
to record to some extent the verbal interactions between pupils and 
- teacher. 

Puckett in 1928 tried to improve upon the primitive scheme 
used by Horn (Medley and Mitzel, 1964: 254). He still used the idea 


of a seating plan, but he added different symbols to the circles to 
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20 
indicate what type of response a pupil gave or if he failed to 3003 
a response. He thus obtained more detailed information than Horn did. 
Next, Wrightstone in 1934 developed a list classifying verbal responses 
made by the teachers and pupils. Each class of verbal behaviors was 
given a code number (Medley and Mitzel, 1964). Wrightstone still 
used the seating plan but recorded a code number each time the teacher 
spoke to a pupil and the pupil responded or failed to respond. This 
approach was an improvement over Puckett, but at the same time it had 
become much more complicated in that the observer had to memorize a 
set of categories and had to make finer judgments regarding the 
categories to which a statement belonged. Since the above BeLeNpes 
many more sophisticated tools have been developed (Medley and Mitzel, 
1962). 
Among the pechnincee developed in recent times are the ones 
by Flanders, Proctor and Wright, Hughes and B. O. Smith. Flanders 
developed a set of categories which were designed to group the verbal 
behaviors of the teacher and the pupils in nine different categories. 
Seven of these categories dealt with teacher talk. These seven cate- 
gories were subdivided into two groups: four referring to indirect 
influence and three referring to direct influence. Two categories 
were to analyze student talk. Finally one category referred to silence 
or confusion. The categories were not simple statements, but were 
actually quite complex. For instance, category 3 reads: 
Accepts or Uses Ideas of Student: clarifying, building, or 
developing ideas suggested by a student. As teacher brings more 
of his own ideas into play, shift to category 5. 


Category 5 reads: 
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Lecturing: giving facts or opinions about content or pro- 

cedure; expressing his own ideas, asking rhetorical questions. 
(Flanders, 1961) 

From the above example it becomes clear that the observer has 
to make some rather complex decisions. On Flanders' scales the observer 
oberves for 3 seconds and then makes notations during the following 3 
seconds. Hence quite a complete record could be obtained with respect 
to the verbal behavior. 

Bales and Gerbrands (1948) designed a machine which would provide 
them with a continuous running tape alongside their card containing 
the categories. The paper tape passed at a constant speed by the card 
at all times. Thus they were able to determine the exact lapse time 
and the duration of any verbal behavior recorded. Their categories were 
strictly verbal interaction oriented and based on group dynamics. 

Another approach was used by Hughes. She made an exact trans- 
cript of what happened in the classroom. For this purpose Hughes 
used a team of observers to collect the data. The approach was very 
elaborate and exacting, but more than one person was required to make 
the observations. Once the observations were completed and the trans- 
cripts were made various analyses could be made. 

B. O. Smith used tape recordings in his study, and then 
transcribed from the tape what occurred. Again various analyses could 
be made once the transcripts were made. 

Wright and Proctor developed an observation instrument to be 
used in mathematics classes only. A training manual to be used for 
this instrument has been published. The categories were first in 
relation to content, process, and attitude. Each of the areas were 


subdivided. For instance under content the six subheadings are: 
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Cj structure; Cy deductive; C3 mathematical; Cy other 3 Cs techniques 3 
and C¢ inductive. So every statement is analyzed with respect to 
content, process, and attitude. Then the observer has also to show 
who made the comment the teacher or the pupil. If the statement is 
made by a pupil the observer has to show if it is a boy or a girl. 
Finally the observer has to make an analysis about the class. He has 
to determine the rigor and the participation. The process is complex and 
the observer has to work quickly. He observes for 15 seconds and makes 
notations during the next 15 seconds. The observer also has to be an 
expert in mathematics and has to be very familiar with the particular 
subject he is observing. The latter becomes evident if the categories 
under process are considered. These are: P , analyzing; Po synthesizing; 
P3 specializing; P, generalizing; and Ps relevant. The observer has 
to memorize the code for each category. The authors of the instru- 
ment report that at least ten daily observations per teacher are needed 
in order to gain validity. 

Cornell, Lindvall and Saupe in 1952 developed an instrument 
which was not entirely dependent upon verbal interaction. This instru- 
ment and the categories developed by Withall in 1949 were used by 
Medley and Mitzel to develop an observation instrument called the 
OScAR (Observation Schedule and Record). Later that year, 1958, they 
revised it to make it more reliable. The categories in this instru- 
ment are all stated in behavioral terms and refer to a single behavior. 
For instance they use statements like: "the teacher lectures" or 
"the teacher asks a question, the pupil answers". The observer does 


not have to analyze the statement or action as to which category it 
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23 
belongs. The instrument was designed in such a way that the observer 
had to make a minimum of decisions and it was easy to score (Medley 
and Mitzel, 1964). 

The instrument contained a large number of categories as a 
consequence, but the observers had to be less highly trained. The 
authors of the OScAR claimed that an instrument will do its job as 
long as it records the type of behavior that was intended to be 
examined. They define an observational technique as follows: 

An observational technique which can be used to measure class- 
room behavior is one in which an observer records relevant aspects 
of classroom behaviors as (or within a negligible time limit 
after) they occur, with a minimum of quantification intervening 
between the observation of a behavior and the recording of it. 
Typically, behaviors are recorded in the form of tallies, checks, 
or other marks which code them into predefined categories and 
yield information about which behaviors occurred, or how often 
they occurred during the period of observation. (Medley and 
Mitzel, 1964) 

Shaver showed that an instrument does not have to be extremely 
elaborate. He predetermined a number of behaviors he would like to 
compare in two different settings and used a very simple scoring sheet 
to record the frequencies of occurrence. His scoring technique was 
similar to that used by Puckett. In a sense what Shaver did had been 
stated earlier by Medley and Mitzel. 

After reviewing a number of techniques the writer had to 
decide which technique could be adapted to his purposes. The ideas 
used in many were strictly related to verbal interaction and as such 
were out of the question from the start, because the writer could 
expect to have extended periods of silence occurring in the class- 


rooms which he was to observe. This eliminated scales by Horn, Puckett, 


Wrightstone, and Bales and Gerbrands. The techniques used by Hughes 
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24 
and B. O. Smith were also eliminated. The technique by Hughes was 
too elaborate and the writer did not have the resources to do anything 
as elaborate as Hughes did. The technique used by Smith is intriguing 
except a taperecorder can only reproduce audible behaviors and it is 
thus limited to a measure of verbal interaction only. 

The instrument by Wright and Proctor appeared to be a very fine 
instrument. Yet it had two shortcomings as far as the writer was 
concerned. First, there were too many observations necessary per teacher 
and second, there was a major shortcoming as reported by one of the 
authors. She stated the following: 

The behaviors classified with this instrument are those of 
verbal interaction or its attendent demonstration. Thus the 
description of the lesson period yielded by the instrument is 
limited to the amount of verbal class interaction occurring. 

In classrooms where long periods of supervised study are regularly 
used, this limitation may be so great that a picture of the 
in-lesson period by this instrument would be impossible. 

(Wright, 1959) 

Another examination of the instruments considered to this 
point shows that there are basically two types of instruments. The 
one group of instruments is designed to get a qualitative measure- 
ment. In other words the observer evaluates the behaviors as he 
records them. Instruments in this category are those designed by 
Flanders, Wright and those which were based on either of these instru-~ 
ments. The other group is those that use a quantitative approach. 

The basic concern is how often did it occur and not what category should 
it be placed in after the behavior has been observed. The OScAR 


technique belongs to this group. In part Medley has this to say 


about it: 
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Our approach differs from that used by most other groups 
interested in the teaching process in that it has been basically 
a measurement approach. Our goal has been to develop procedures 
for obtaining objective quantitative descriptions of teacher 
behavior, in terms of a minimum number of dimensions, on the 
basis of direct observation. (Medley, 1966) 

The latter technique would be useful for the writer in his 
study. The writer needed an instrument that would record verbal as 
well as nonverbal behavior, preferably in a quantitative manner as 
it was not the purpose of the study to evaluate the teachers. Almost 
all of the observation schedules were designed for the purpose of 
evaluating teachers. However, none of the techniques described have 
as yet attained that objective fully. Morsch and Wilder found in 
1954 that the results on teacher effectiveness for instance did not 
correlate with pupil achievement. They concluded that it was not yet 
possible to assess effectiveness of a teacher by observation alone. 
Also, judging by a recent article in the Kappan it would appear that 
as yet this goal has not been achieved (Rosenshine, 1970). Thus 
the instruments noted could all have been ered by the writer if they 
had not had the shortcomings cited for each. 

Finally, it is important to see what the literature reports 
about the desirability of classroom observation. Noting what some of 
the prominent researchers have to say might be of value. B. O. Smith 
States: 

If very little is known about a phenomenon, the way to begin 
an investigation of it is to observe and analyze the phenomenon 
itself. (Smith, 1959) 

Wispe (1953), Morsch and Wilder (1954) and others suggest 


that classroom observation is a potentially fruitful source of data 


in any research involving behavior in the classroom (Shaver, 1961). 
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26 
On this point Flanders states: 

It is clear, from our research that many factors affect 
patterns of teacher statements. Teachers of different grade 
levels and of different subject matter will produce radically 
different patterns of verbal behavior. (Flanders, 1961, p. 179) 

The writer found that Medley and Mitzel also consider class- 
room observations to be important. They say, in part: 

It seems safe to say that almost any research on teaching and 
learning behavior can benefit by the use of direct observations 
of the behaviors, and that in many instances such observations 
are of crucial importance. (Medley and Mitzel, 1954) 

From the above statements it appears that the notion to use 
direct classroom observations is worthwhile in conjunction with the 
present study, because the phenomenon is basically unknown and the 
teacher behaviors are of the utmost importance in this program. 

The only question that remains is "Can observation schedules 
be used in the comparison of two teaching styles?" This question 


was answered by Nelson (1966) when she used Flanders’ categories to 


compare two teaching styles in Social Studies. 


summary 


From the survey of the literature it becomes clear that most 
studies only vaguely imply what a teacher is expected to do and some 
describe in reasonable detail what is expected of them. Specific details 
about what a teacher did and how much time the teacher spent on certain 
tasks are not reported. Mortlock and IPI reported some detail about 
the general classroom tasks a teacher performed, but specific details 
were not mentioned. Many of the researchers have perhaps not given 
full attention to this poet, The teacher is perhaps taken too much 


for granted. For instance at a recent conference on individualized 
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instruction, held in Banff, Alberta, Bolvin was asked how much time 
and effort was involved for the teacher using the IPI method. The 
reply by Bolvin was that the IPI project demanded teachers who were 
dedicated and who were willing to put in long hours of hard work. He 
was not able to specify how many hours per week were required (Banff 
Conference, 1969). 

It appears that it is worthwhile to describe what a teacher 
does in an individualized setting for mathematics and how much time 
he spends doing in-class as well as out-of-class activities. When 
two programs are being compared the criterion used to determine which 
one is the better should involve an assessment of change in what the 
teacher must do (Lindvall, 1966). Lindvall goes on to say that too 
frequently evaluation efforts are centered on measures of achievement 
only when the real purpose of the innovation is something quite dif- 
ferent. 

It appears also that an observation technique based on the 
OScAR technique will satisfy the need for the purpose of the present 
study. Medley (1966) suggests that his instrument might be very 
useful in projects whose purpose it is to implement educational change. 
The reason the writer has selected the approach by Medley and Mitzel 
is that the instrument is behaviorally oriented and that the dbserer 
will have a minimum of classifying to do when he is recording the 
behaviors he sees. Having arrived at the above decision the next step 
was the development of the instruments. In the following chapter the 


design and the preparation of the instruments will be discussed. 
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CHAPTER III 


DESIGN AND PREPARATION OF INSTRUMENTS 


Introduction 

To describe a phenomenon it is necessary to observe it and 
collect systematically as much data about the phenomenon as possible. 
To collect data systematically instruments have to be designed. 
Instruments cannot be designed unless the aspects about the phenomenon 
to be recorded have been determined. The writer found it necessary to 
formulate a set of general questions about the phenomenon in order to 
be able to determine what techniques and instruments to use in the 
gathering of the data necessary for the answering of the questions. 
The questions would also assist the writer in the description of the 
phenomenon, The following general questions were formulated: 

1. What does a teacher do in the classroom? 

2. How much time does he spend on the various tasks related 

to his teaching? 

3. How does he plan? 

4. What are his reactions to the program? 

The writer decided to do actual classroom observation for the 
investigation of the first question. In order to be able to record 
what was observed, the writer developed an Observation Schedule, 
which was patterned after the OScAR technique by Medley and Mitzel. 
For the investigation of the second question the writer developed a 


weekly log sheet. He asked each teacher to keep a log sheet for the 
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29 
duration of one week at three different times during the experiment. 
inal lowes investigate questions three and four the writer thought it 
best to use a questionnaire, which he developed for this purpose. 

Each of the instruments will be discussed briefly in the following 


sections. 


The Observation Schedule 

After considering a number of instruments (see Chapter II) 
the writer selected the approach used by Medley and Mitzel in their 
instrument called the OScAR. Modifications were made because the 
_writer had different objectives in mind than Medley and Mitzel. They 
were using the instrument to investigate the change in behavior of 
student teachers. The writer wanted to be able to record a phenomenon 
observed. Specifically the writer set out to describe what the teachers 
did with respect to some general mathematics classroom procedures. 
To be able to gain a fuller picture of the situation pupil behaviors 
were recorded as well. In a classroom the teacher's behavior and the 
pupil's behavior are often very closely linked and the two behaviors 
generally seem to complement each other. The writer set out to 
investigate the following classroom procedures: Checking of assign- 
ments and homework; formal teaching; directed practise; testing; seat 
work; and laboratory work. Linked with these are managerial tasks, 
grouping, and classroom climate. Finally a section on the affective 
teacher talk and actions was included. Under each of the above 
mentioned topics the writer listed possible behaviors on the part of 
the teacher or pupils. As an example, consider the section on formal 


| teaching. The entire instrument appears on page 34 and in Appendix B. 
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250 Formal Teaching 


teacher lectures 
teacher uses board 
teacher uses map, chart, etc. 
teacher uses slide film, etc. 
teacher uses audio aid 
teacher uses object 
teacher uses special teaching aid 
teacher uses no materials 
teacher questions, pupil answers 
0 teacher answers pupil's question 
1 teacher ignores pupil's question 
teacher refers pupil's question 
2.13 teacher leads discussion 
2.14 teacher reviews previous work 
2.15 teacher uses hand out 
2.16 teacher reteaches 
2.17 pupil demonstrates at the board 
2.18 pupil leads class discussion 
2.19 pupil works example at seat 
2.20 pupil works example at the board 
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FIGURE II 


SAMPLE OF A SECTION SHOWING BEHAVIORS LISTED 


Thus under each topic the writer listed a set of behaviors 
that could possibly be observed. On the following pages an example 
of the OScAR and the schedule used by the writer will be shown, so that 
the reader can observe the similarities and the differences. First 
the OScAR will be shown and then the schedule developed by the writer 
will be given. The OScAR was printed on both sides of a cardboard. 
The front of the cardboard will be shown on page 31 and page 32; 
and the reverse will appear on page 33. The reader will then see 
the observation schedule developed by the writer on the pages following. 


The OScAR shown is as adapted from Medley and Mitzel (Gage, pp. 278-280). 
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OScAR 
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FIGURE IIT 


PART OF FRONT OF OScAR 2a AS ADAPTED FROM MEDLEY AND MITZEL 
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OScAR (Cont'd.) 
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OScAR (Cont 'd.) 
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OBSERVATION SCHEDULE 
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The writer had two sheets side by side in a manilla folder. 
The first sheet has been shown on the previous page. On the next 


page the second sheet of the schedule will be shown. 


fi 
ond 
- 






hae 
nai 
——— 
i - 
ed 7 y o- 4 
* i S Ne as 
| ie , ee eee re ft? .. 
bfei silinan oo abia adeeda owt bas tetirw off ane 


a sce. 
sit bO aged evotveya art no awode need end toere Jerri sat bh 


ie ieel #3 to doeda Srovea odd -3gae ‘e 
u ie 
’ ~ oe 


< 


36 





hls Mh gegen 8.0 th the Observation SchAdmie YOK 
[Tot |r imiv|s8.o Groupe sv tor] - 
bd poy i gel Oevvacelet cl in gepwt ick sc al Leca 


Bee atelst Ss Glin gp ow/o t 
814.0. tous 


mA ALA 
[as 4ptokelingpwe ||}. 
[fee 4 ptokelinepwot |{ {| 
Miata hahaa ReaD Oxf afl [mo 
ra hel eae 

GMEES 








wv 


ale 
ES 
Q 
aE 
BIS 


| Tt v| Tot | 
malin | 


mvs frl RE oe 


discplo p dir 

shws afct f p 

shws host t p 

uses sarcsm 
ls 

9.7 p mvs frl 

8 p shws afct £ t 


O}.\o 

e je 
EY] WIN le jo 
er | etict ict 19 


: 
e 


Ne) 
e 

ul 
ct 


NO 


O oO 
O Ov 
o cr 


D 0 
9.10 p shws host t p 
0 kk ® ign Gaau 
G.l2 pescllesefrts 
9.13 p wsps 

9.14 p Ighs 
9.15 p lvs/entrs rm 
9.16 LJ 1 st 
9.17 nse and tme wstng [| | | [| 

ale maria athe can bee bel iilustlated by tng folloninn Wrens 
OBSERVATION OF AFFECTIVE TEACHER I Tot 
TALK AND ACTIONS 10.0 

10.2 mks p supportv stmnt 

10.3 mks prblim strcetg stmnt 






; 
Hi 


rg 


10.5 mks drtve stmnt 

10.6 mks reprvng stmnt 
10.7 reprvng host gest, 1k 
10.8 t assrts authrt 


TTT TTB 
REUEEE 
THT Te 
JE UESEMEMG 
TUT 
HUTT Te 





FIGURE VI 


SECOND PAGE OF OBSERVATION SCHEDULE 






























\ 
< :f é 
; , os 
* a 
KX = <“ em a ae eee ee vy ODE 
i ee ~S sh. Tos a 
: bse ——* : mn en ee ed aoa 
tron | vita 7} FORD 0,8 
) tet PE Bate | alge tt eh A AL A NS A A NE LIL INT 
1 4 ‘ ‘ ‘ . ’ hd + 
; 1} | ¢ 3 w 9g pt io 3 xe gal 1,8 
— ~ areaen a ~ { oe 4 — —_a£ >< an 
= i oy } 3 O\W: tie Re fp ¥ feat 3 $.8 
| 4 AN 4h 4 an 
= a a ee ramet 
q ee i Pind. Gat 19. 582. 
; | : ga rit [9-2 us 
+ 4 A Se — - St San 
oe eee 
} a eee mt Ee! ; 
> a a a Sn yee ' ¢ 5 
: || 2 + o\w ga mt g E-S 0.3) 
: | bit 28 ¢ C.5) 
_ Se OE ae ne ee 
—— . ’ ’ eee pay Pe ee ) 
' oT FVII LI . MLD Mie 29 
: ™ 4% : >— a owner —ee Pewee Sue 
t = ‘ yj 4 Z 4 ? . i 
: q : 
| Get Ser Re 
; he --| 4 ae DY ne Oe. 
ae q it 39ts eats 
: ‘. a a a ae — — 
} ' ? 
a.2 ewin 
f = 1 esi +) Bag 3203) ewe 
: mv / i D22 RE 252u 











Ff ‘ 
oa — ~ dew a ee | ineneieeniedions 
. t | al 
acipeas 
; : } vint avn 
= oe + ere i 


”* 


ne —— rae ——— 
ew — 


B mere Seod wala q OL, 


—— ena tle ene tote ie a Rae ee a 


LS up 3 mgt ¢_ I1.@ 2 | 


} ————— at 








= 
b a ee es aes ee enananns 
1 7 state J 
® evi, ,alios q SI.@ | 
Rae a eee ef ~s-8 e 
i ; | é Lp o | 
- : ‘. . Bos 4 A ; 
& —-> + et i — 
1 


Liss jb ame poetaevd._ ¢ 2h 
: a aw. 2 * je f i 
1. bud ; rh Ajsw om) bwa oF 


7 pis 
ey tert ge een atacand Re Glad tt Ries te ie ling oeeeve ~ 
T 


mY 
; ; | } bc 2B) eet 


: a ee oo te nlm er 9 are cm mart 
tl Ae 2S a ee fare GT Avi TOsTas BO MOYTAVAS 
Mi |. GalLouit a. lam | 9.) aur - Q@50> ‘@¥DTTSA aa 3 
oe ae aaa ; pe ey an Geeneeeede aa emenenes = eas : 
| Sh. s'taee Jie .e¥ Sos 
srante VITOR we ge 


Tes ah ey et a 


.  Sdeee yg 70338. mie pe 
ae 










ee 
: : 
= 
= | 
5 
‘ 
— 


























5) 
The reader will observe that the grouping section in the 

OScAR and section 8.0 in the Observation Schedule are identical. The 
K section in the OScAR and section 10.0 in the Observation Schedule 
are also identical except the writer inserted the behaviors. The 
T section of the OScAR was omitted in the Observation Schedule, for 
the writer was observing mathematics classes only. The pecenhienes 
between the OScAR and the Observation Schedule ends here except for 
the abbreviations used. The main reason for altering the remaining 
format was that the writer was miterssced in specific behaviors at 
specific times, whereas the authors of the OScAR were interested in 
general behaviors and interactions. They would group the various 
behaviors into keys to gain a description of classroom climate and so 
on. To form the keys other criteria had to be known and a statistical 
analysis for interaction of various behaviors had to be performed. 
The writer felt that for the purpose of recording of classroom activities 
the OScAR would not give him enough information. For instance the 
OScAR had no item showing that a pupil helped another pupil. Another 
reason for changing can best be illustrated by the following item: 
"teacher answers pupil's question", which appears only once on the 
OScAR. From the OScAR one could not tell if this occurred in a formal 
teaching situation, testing situation, or in the situation where pupils 
were working at their desks. The writer wanted this information and 
hence the modifications were made. After the writer had constructed 
his Observation Schedule he had it examined by a panel of experts at 
the Faculty of Education, University of Alberta. Suggestions from 
the panel were incorporated and alterations were made accordingly. 


The basic design of the instrument was not questioned or changed. The 
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suggestions for change were all behaviors which the writer had not 
included under a certain topic. For instance under the topic of 
"Checking Assignments" it was suggested to include the following: 
teacher comments on homework. 

Next the writer took the schedule and tested it in a classroom 

Situation to see if it did suit the purpose for which it was designed. 
A small number of observations were made in two grade six mathematics 
classrooms where the IPI method was used. The reason for selecting 
these classes was that the IPI method was the closest in resemblance 
to the method used for the experiment. A co-observer was used in this 
test to see if observer agreement could be obtained with the instrument. 
Results of this test will be reported later in a section on the Pilot 
Study. After the observations were made the results were discussed 
with the teachers to see if they thought that the results were in 
agreement with what they believed happened in the classroom. Generally 
speaking, the teachers felt that the results were quite accurate. 
Some of the details that were recorded the teachers could not recall 
or were not aware of them, such as gestures or facial expressions as 
recorded in section 10. 

In the next section scoring of the Observation Schedule will 


be discussed. 


I. Scoring of the Observation Schedule 


The scoring technique used is the same as that used for the 
OScAR. The instrument actually consists of two basic parts. Part I 
comprises sections 1 to 9 inclusive. Part II is section 10. The 


observer checks in alternate five minute periods as many items as he 
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39 
can in Part I, For instance in the first five minute period he might 
Check wre colummeLiitens fe2, tod, tel, Aed, 4015, 8.1 Adaies' 9.15 903, 
9.8, 9.11, 9.13, 9.14, 9.16, and 9.17. (Return to pages 34, 36 to 
consult the schedule.) It does not matter how often the same behavior 
recurs in a five minute period; it is checked only once. In part II 
however each category is checked every time it occurs during a five 
minute period. A true frequency is obtained in section 10, whereas 
the other nine sections only give a sample of what occurred. Basically 
the Observation Schedule is a sampling technique. An observer can thus 
gain a reasonable picture of what is happening in a classroom, providing 
the sample he took is large enough. 

Returning now to the scoring of the instrument. An observer: 
checks as many categories as he observes in the first five minutes in 
part I. He places a check mark in column I for each category observed. 
For the second five minute period he turns to section 10 and places 
a check mark in column II for the appropriate Category every time it 
occurs. Then for the third five minute period he returns to part I 
and checks all categories observed during that period in the column 
marked III. Next for five minutes he enters checks in the column marked 
IV, and so on. As an example section 4.0 and section 10.0 will be 
shown checked. Also the totals are shown. In part I the total indi- 
cates actually the number of five minute observation periods during 
which the behavior was observed. A quick glance at the sample will 


confirm this to the reader. 
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FIGURE VII 


A SAMPLE TO ILLUSTRATE SCORING OF FIRST NINE SECTIONS 


OF OBSERVATION SCHEDULE 
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FIGURE VIII 
A SAMPLE ILLUSTRATING THE SCORING OF SECTION 10 


OF THE OBSERVATION SCHEDULE 


The writer gave a hypothetical example above for section 10.0, 
however the distributions shown are similar to a regular classroom 


lesson. 


II. Results of the Pilot Study 


As was earlier stated, the writer and a helper observed two 
teachers in the IPI setting Simultaneously to see if observer agreement 
could be obtained. After the first two observations some modifications 
were made in the instrument, i.e. 4.16 and 9.18 were added, so that 
observations could be recorded for which no item had been allowed. 

The tables that follow show the results based on the simultaneous 
observations. The totals for each behavior marked during each obser- 
vation were put in a vector, formed according to the appearance of the 
behaviors on the schedule. Thus for each teacher and each observer 
and each classroom visit a vector of the totals was obtained. The 


vectors thus obtained by one observer were correlated with those of 
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the other observer. As can be seen from Table I the rank-correlations 
were low. (See page 44.) 

The results shown in Table II were obtained after the instru- 
ment was modified as was mentioned previously. Much higher rank- 
correlations were found. Another factor that might have added to the 
increase in correlations is that the practise gained in the first set 
of observations might have influenced the results on the second set, 
for both observers had no previous experience in the use of the instru- 
ment. The significance here, however, is that the observers did record 
more frequently similar behaviors and thus made similar observations. 

The third table shows the correlations obtained after the 
total scores on each item of the two observations for each teacher, by 
each observer, were totalled. The implication of this result is that 
on any given observation one observer might miss what another observer 
sees, but by combining a set of observations the tendency is that both 
observers observe the same items. 

An interesting result was obtained when a t-test was run on 
the combination of the two observations. The result of this test is 
shown in Table IV. This shows that each observer checked the same 
number of categories for there are no significant differences in the 
mean number of their categories checked. This test does not imply 
that the two observers had observed the same behaviors, but that they 
marked the same number of categories. The correlations indicated, 
however, their tendency to observe the same categories during a series 
of observations. Thus it appears that the instrument makes it possible 


for two observers to record the same behaviors simultaneously and that 
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43 
a series of observations will give a more reliable and complete picture 
than does a single observation. This finding is in agreement with 
what Medley and Mitzel reported. Thus it appeared to be essential for 


the writer to make as many observations per teacher as possible. 
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TABLE I 


CORRELATIONS FOR OBSERVATION I 





TABLE II 
CORRELATIONS FOR OBSERVATION II 
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TABLE IV 


T-TEST FOR COMBINATION OF OBSERVATIONS I AND II 
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The Log Sheet 

The log sheet was developed to answer the question: "How 
much time does a teacher spend on the various tasks related to his 
teaching?" It seemed important to the writer to know what was demanded 
of the teachers participating in the experiment in terms of time. 
Work load and working conditions play an important part in any type of 
job and are thus of importance to the teacher. The writer chose those 
areas which, from his own experience as a teacher, were the most time 
consuming. These tasks were: planning lessons; preparing aids; marking 
assignments; preparing tests; marking tests; record-keeping; depart- 
mental meetings; and group planning. In order that the teachers would 
cooperate in keeping these log sheets, the writer felt that the task 
of keeping them should be held to a minimum. Thus the writer proposed 
a set of time intervals for each task so that the teacher would place 
a check mark for each activity under the appropriate time interval 
and beside the proper day. Thus it became a matter of checking appro- 
priate squares on the grid of the sheet. The log sheet can be found 
in Appendix C. A glance at the log sheet will show the reader what 
the writer meant by the above statements. Every effort was made to 
keep the information on one sheet so that the amount of paper work 
for the teacher would be kept to a minimum. 

Since all the teachers but one in the experimental program 
taught two experimental classes, the writer thought it appropriate 
to ask the teachers how they divided their class time among the various 
tasks in each class. The division of class time was difficult to record 


while the observer was scoring his observation schedule. Indirectly 
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46 
some measure of division could be obtained from the schedule, but 
it would be a very rough approximation. The writer also felt that it 
would be of importance to see how the teachers viewed the use of class 
time and how much time they devoted to the various tasks in the class- 
room. Note that the categories asked for are strictly associated 
to the teaching of a group of pupils. 

The writer prepared a log sheet based on the above stated 
objectives of preparing an easy to score single sheet and to gain 
information about out-of-class work load and in-class time allottments. 

The same fame of experts that considered the Observation 
Schedule was asked to consider the proposed log sheet. A couple of 
minor changes were made in the wording of the headings. The word 
"for" was added to the first eight headings. The writer had varying 
time intervals for the different tasks, which the panel felt should 
be changed to equal intervals. The writer saw the merit in this, 
since it would make for easier comparison and analysis. The log sheet 
as adapted has been shown in Appendix C. The two teachers used in 
the pilot study for the Observation Schedule were also asked to comment 
on the schedule. They both felt that the areas covered by the sheet 
were appropriate and of greatest importance to the classroom teacher. 

The log sheet would provide the writer with an insight into 
the work load the teacher faced if he did participate in the experimental 
program. Still, information as to how the teacher planned, prepared 
and cooperated with other teachers was not known, nor did the writer 
have any idea as to how the teachers felt about the program. To gain 


information in relation to these areas a questionnaire was prepared 
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by the writer which will be discussed next. 


Questionnaire 


The classroom behaviors of teachers were being recorded and 
also their workload in terms of time was recorded, but some aspects of 
importance remained unknown. It would be known for instance how much 
time the teacher spent planning and preparing, but still it would not 
be known how the teacher planned and how he prepared. Neither was it 
known how the teachers felt about the effect the program had on the 
different children, nor were the feelings the teachers had about the 
program known. The writer developed a questionnaire which would gather 
data related to the aforementioned unknowns and one which would be 
simple to answer and as short as possible. The writer once again 
felt that the teachers would give fair consideration to the question- 
naire only if the length was kept to a minimum and the content directly 
related to the program. With this in mind the questions were formulated. 
First a section on personal data was included. This was done to see 
if there was any difference due to differences in experience or fining: 
If no within-group differences occurred, then training and experience 
would not be of any statistical importance, Next questions were 
formulated with respect to the planning and preparation of a unit in 
grade seven mathematics. Following these a set of questions related 
to lesson planning was prepared. After that some general questions 
related to the handling of a class and the teaching approach were 
included. Next teacher expectations with respect to pupil achievement 
were examined. It was also important to know if a team approach to 


teaching was used or in what manner they taught. Much of a teacher's 
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48 
attitude depends upon the amount of assistance he receives in the 
drudgery of a number of tasks, such as marking and record keeping. 

So questions about the teacher aide were included. Next a group of 
questions designed to gather opinions from the teachers as to how 
they saw the experimental program affecting their regular classroom 
teaching. The reactions to these questions would be of importance 
for inservice training and teacher training programs. Following these 
questions were questions relating to the feeling the teachers had 
about the program; how the program assisted them in helping various 
pupils; how the program affected different pupils; how the program 
affected teacher-pupil relationships and discipline. Finally two 
open-ended questions were included to give the teachers a chance to 
express their likes and dislikes. The latter reaction would be of 
importance for the revision of the program. 

The writer originally had designed the questions in a multiple- 
choice form, but difficulties in answering those were pointed out 
by the same panel of experts that considered the previous instruments. 
After some discussion the Yes-No type of question seemed to be the 
most desirable. The writer revised his questionnaire and prepared 
the format as shown in Appendix D. In close Cooperation with Dr. 
Cathcart of the Faculty of Education of the University of Alberta, 
the final format and wording of the questions were established and the 


questionnaire as shown in Appendix D was arrived at. 
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CHAPTER IV 
EXPERIMENTAL DESIGN AND PROCEDURES 


Introduction 

In the previous chapter the design and the development of the 
instruments were discussed. The writer will discuss in this chapter 
the analysis of the data obtained with the instruments just mentioned. 
The calculation procedures will be discussed also. As the writer was 
mainly interested in describing what happened these procedures were 
different from the procedures used by others with a similar instrument. 
To be able to describe the phenomenon observed the writer found it 
helpful to represent the findings graphically. In order to be able 
to develop useful graphs the writer developed calculation procedures 
for that purpose. 

In this chapter the writer will also describe the experimental 
design and procedures. A companion thesis by Westrom has been based 
on the development of the experimental design, therefore the descrip- 
tion of the design will be kept to a minimum. The reader is urged 
to consult Westrom's thesis for greater depth and detail of the design. 

First the design of the treatment and procedures will be 
discussed. Then follows a discussion of the analysis of the data 
obtained through the use of the Observation Schedule, the Log Sheet 
and the Questionnaire. The chapter will be concluded with a section 


on the calculation procedures. 
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50 
Design of the Treatment 

In order to be ose to make any reasonable comparisons between 
the experimental group and the control group it was necessary that 
both groups should have the same availability of prepared reference 
material. Thus materials for the experimental group were prepared 
which were intended to serve the same function as the textbook did for 
the control group. A sample of the prepared materials appears in 
Appendix A. 

The underlying structure of the material will be discussed 
next. The materials were developed on the basis of the broad objectives 
as developed by the Department of Education, Province of Alberta. 
Taking these objectives and goals the course was broken down into 
units called "topics" in this study. Each topic was further broken 
down into three parts, namely a "phase I", a "phase II", and a set 
of "Challengers". Phase I took the pupil through the entire develop- 
ment of a topic at an intermediate level while phase II was intended 
as a remedial program for the basic level and intermediate level pupils 
and an enrichment program for the advanced level pupils. The set of 
challengers were a set of non-routine problems. They were designed to 
give the pupil a chance to apply what he had learned up to this point. 
The problems required the higher mental processes as stated in Bloom's 
Taxonomy. (See Figure IX, page 51.) 

To make phase I manageable it was once again divided into 
sections and in turn each section was broken down into one or more 
related objectives. Each objective was stated in behavioral terms 


and with each objective a sample of a possible examination question 
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SCHEMA FOR A TOPIC AS COVERED 
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and its solution were given. Also the level of competency required 
to achieve the particular objective was stated. 

It was possible for some objectives to be written at different 
levels of difficulty, for instance the same objective could be used 
for basic level material, intermediate level material, and advanced 
level material. Wherever this was possible the basic level objective 
and the intermediate level objective were both stated in phase I. 
The intermediate level objective appears in italics. For each objective 
a description had been given which appeared on the white pages immedi- 
ately following the pink page(s). Development related to an intermediate 
level objective also appear in italics. Then following the development 
was a set of applications for practise related to the specific objec- 
tive(s). This set appears on the buff pages immediately following 
the white pages. The first question of each set of applications 
was a test-item on which the pupils checked themselves. The purpose 
of this check exercise was to tell the student that if he could do 
it there was no need for him to spend any more time on the materials 
in that section, but that he should go on to the next section. The 
answers to the check exercise and the remaining applications in this 
section appeared on the green pages at the end of phase I. If the 
pupil did not achieve the check exercise, then he was referred to a 
set of exercises which would help him to study the objective further. 
Following this set a check exercise appeared once again. If the pupil 
was successful on this exercise then he was directed to the next 
section. On the other hand if he was not successful then the pupil 
was directed to three further sources of help, namely a reference 


text, a student-helper, or his teacher. It was left up to the student 
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53 
to consult whichever source he preferred. The foregoing procedure 
was repeated for each section. Thus it was possible for each pupil 
to proceed at his own rate. At the end of phase I the pupil was 
asked to study a vocabulary section as well as to do a set of review 
exercises before he proceeded to post-test I. On the basis of poste 
test I the pupils proceeded in phase II at the basic level, the 
intermediate level or the advanced level. The pupils in the basic 
level only studied basic objectives, those designated by a B notation. 
These objectives are the minimum level at which a pupil can successfully 
complete the course. The pupil was given a new set of exercises relating 
to the basic objectives only and he was directed through the topic 
once again in the same manner as in phase I. The pupils at the 
intermediate level received a packet containing instructions and were 
directed to review the same material they had studied previously in 
phase I. The pupils in the advanced level received for phase II a 
packet containing only advanced level objectives relating to material 
in phase I. All pupils were required to attempt only those objectives 
in phase II which they did not achieve in phase I. 

At the end of phase II the pupils wrote post-test II. A 
different test was set for each level. After post-test II pupils were 
required to work for a few days on the challengers before they could 
go on to the next topic. To help the pupil to find his way through 
the material a flow chart was developed. The flow chart also showed 
how each pupil progressed through the material and gave the teacher 
an immediate picture of what the pupil was doing. Then for each pupil 
a record page was provided which showed him which objectives he was 


to study in each phase as well as at which level he was achieving 
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54 
and what challengers he attempted. It also showed which challengers 
he had completed. In addition to the choice provided in the materials, 
the pupil also had a choice of independent study or a teacher-taught 
class. 

The foregoing was a brief description of the design on which 
the study was based. For more detail the writer once again refers 


the reader to the companion thesis by Westrom. 


Procedures 

The foregoing brief description of the materials and their use 
was necessary for the writer has to describe the teacher's role ina 
setting where these materials were used. The writer observed the 
teachers in action in the independent study setting and the teacher- 
taught setting. He also observed the teachers in the control group in 
their classroom setting. In the following paragraphs and chapters the 
terms "independent study setting" and "teacher-taught" refer to two 
distinct phases of the experiment: the former referring to the situ- 
ation where pupils work on their own and the latter to the class con- 
ducted by the teacher. The statement "regular teacher taught™ refers 
to the classroom setting as found in the control group. 

Three kinds of data were collected for each teacher in both 
the experimental group and the control group. First, each teacher 
was observed a number of times and his classroom actions were recorded 
using the Observation Schedule. The experimental group were observed 
three times each in the independent study classes and twice each in 
the teacher-taught classes. The teachers in the control group were 


observed four times each except one who was seen three times only 
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oe 
because of illness. Secondly, each teacher was asked to keep a log 
sheet for the duration of a week at a time. Three randomly selected 
weekly samples were used. Because of illness one teacher in the con- 
trol group was unable to complete them and the others in the control 
group lost part of a week because of examinations and other activities 
beyond the control of the writer and the teachers. So only two weekly 
log sheets were available for the remaining two teachers of the control 
group. Thirdly, a questionnaire was completed by each teacher in both 
the experimental and the control group. Again one of the teachers in 
the control group was unable to complete the questionnaire, because 


Ofthiscr.l health: 


Analysis of the Data 


The data gathered on the Observation Schedule were used for 
both the experimental group and the control group to describe the 
following areas: checking of assignments; formal teaching; directed 
practise; managerial tasks; testing; seat work; grouping of pupils; 
Classroom climate, which is the atmosphere of the study group observed; 
and the affective teacher talk and teacher actions. The data were 
analyzed in terms of frequencies per group, which were expressed as 
a percentage so that the experimental and control group could be 
compared in relation to a common measure. The frequencies referred 
to above are actually the frequencies of observation periods during 
which the particular behavior had been observed. For detailed analysis 
of the data see the next section in this chapter called "Samples of 


Calculation Procedures", 
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The data obtained from the log sheet were processed on the basis 
of the experimental group and the control group. The data were ana- 
lyzed with respect to time spent on different classroom activities 
and with respect to time spent on different activities related to the 
teaching of the grade seven mathematics. For detailed analysis see 
the next section. 

The questionnaire was analyzed on the basis of how frequently 
a certain group gave a particular response. The responses were used 


to give a descriptive analysis of the teachers’ reactions. 


Samples of Calculation Procedures 


The writer faced a problem once he had obtained the data with 
the Observation Schedule. He had different numbers of teachers in the 
experimental group and the control group. To compound the problem 
he had for each of the three groups == the independent study, the 
teacher-taught, and the regular teacher-taught group == a different 
number of observations because of physical limitations and lack of 
time. In order to be able to make comparisons the writer used the 
following scheme, which he will illustrate with a sample section of 
the schedule. The section on seat work will be used. For the sake 
of brevity only the numbers referring to the respective behaviors on 
the schedule will be used. For teacher 2 the three observations were 


for this section as follows: 
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FIGURE X 


SAMPLE OF TABULATION FOR OBSERVATION SCHEDULE 


For each of the observations the writer has shown how the 
entries appeared on the schedule. The entries for each wisie have 
been totalled and these totals have been added to give the grand total. 
Thus a grand total for each behavior in section six has been obtained. 
In the same manner the grand totals for the other teachers for this 
section have been obtained. The grand totals for all teachers and 
all sections have been reported in Appendix E. 

Next the writer tabulated all the grand totals for the teachers 
and used these to form group totals. In the next table it has been 
shown how this was done. The values shown in the total column are 
the group totals referred to previously. These totals are actually 


the total number of five-minute observation periods during which the 
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SEAT WORK 






= CONTROL INDEPENDENT STUDY TEACHER=TAUGHT CLASS 


moe reste he tetee ar 27 
Ee ee ee 


ij2; 43 [9 [-f-[aiifat of 20] -[-|-|-[-| o | o 
sm te rene als ap dey | ae ols) 






[6.13 fetta -[-[-[ of of -[-[-[- Te] 
p64 fff at 2 fs Petite f ef of of tele fete] oo 





FIGURE XI 


SAMPLE OF CALCULATION OF PERCENTS 
FOR EACH BEHAVIOR FOR EACH GROUP 
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indicated behaviors had been observed. Since the number of teachers 
within each group was different and since the number of observations 
were different for each group, it was convenient to express the total 
obtained as a percent of the total possible five-minute periods for 

the group during which the behaviors could have been observed. These 
totals have been shown at the bottom of each total column. The per- 
cents to the nearest percent have been shown in the percent column. 

By expressing the totals as percents it is possible to make a reasonable 
comparison between the groups. It is these percentages that will be 
used to make the graphs which form the basis for the descriptions 


in Chapter V. The example will be graphed as follows: 
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SAMPLE GRAPH BASED ON DATA OF FIGURE X 


The above described procedure was used for the first nine 
sections of the observation schedule. For the tenth section a slightly 
different approach had to be used, because the group totals obtained 
are actual totals and are not dependent upon the actual number of 
five-minute observation periods. Instead of percent the behaviors 
have been expressed as statements per 100 minutes. The 100 minute 
interval was chosen so that graphing would be easier. 

Next, the writer will describe the method of calculation used 


for the analysis of the data obtained from the log sheets. For the 
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FIGURE XIII 
SAMPLE TABULATION FOR ACTIVITIES RELATED TO 


THE TEACHING OF GRADE SEVEN MATHEMATICS 


CONTROL EXPERIMENTAL 
Av/| Time ave Time 
fom? [4 foefetat tf | | ef | beef Te 


| - | - [| - [1 Jo.oifo.7 | 
Ge tee 
tnzofwa30 As [estel! ded v7ouh042616.S:bo2edoide lendaled dn 2asoPnlQnQBE2.0, 
PS ie ee ee Pe ee 
ee EE 


Divisor | 27 


















24% 42% 


FIGURE XIV 
SAMPLE TABULATION FOR CLASSROOM ACTIVITIES RELATED TO 


THE TEACHING OF GRADE SEVEN MATHEMATICS 
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62 
analysis tables as shown in the samples on page 61 were used. These 
tables were used to tabulate the frequency with which each teacher had 
marked each time interval. Tables similar to the one shown in Figure 
XIII were used for each of the eight categories dealing with activities 
related to the teaching task. Tables similar to the table in Figure 
XIV were used for each of the eight classroom activities. First the 
writer will discuss the use of the top table. When the teachers marked 
the log sheets they entered a number of checks for different time inter- 
vals for each category during a single week. Thus per teacher per 
week a frequency for each time interval appears. When these frequencies 
for the three different weeks are combined a total frequency for each 
time interval in each category is obtained. These total frequencies 
for each teacher have been reported in the top table. 

The writer again faced the same problem as he experienced with 
the observation schedule, because again he had an unequal number of 
teachers in each group and he had an unequal number of log sheets for 
each group. To be able to come to some manner of comparison the writer 
tabulated the average frequency per teacher per week for each time 
interval. As stated previously the frequencies entered for each teacher 
were total frequencies for that teacher. Now the total frequencies 
for the teachers within a group were added to give the total frequency 
for the group for each time interval. These total frequencies for the 
group appear in the total column in the table. To obtain the average 
frequency per teacher per week the total frequencies for the group 
were divided by a divisor which was obtained by multiplying the number 


of teachers within each group by the number of log sheets per teacher 
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63 
for that group. Now the average time intervals per week per teacher 
were known, but the question remained, "What is exactly the average 
time interval?" The answer is that on the average per week each teacher 
within a group spent a given portion of a particular time interval on 
a particular task. For example if the average is 0.75 for the 1 = 15 
minute interval, then this means that each teacher within that group 
on the average spent 0.75 of that 1 - 15 minute interval on a given 
task per week. 0.75 of a time interval does not mean much unless it 
can be expressed in actual minutes, for then the results for the various 
intervals can be added so that a total per week per teacher can be 
obtained. To convert 0.75 of the 1 - 15 minute interval the writer 
assumed the mean of the interval which is 7.5 minutes and so 0.75 
of the interval became 0.75 of 7.5 minutes which is 5.6 minutes. 
Similarly 0.75 of the 30 - 45 minute interval is 0.75 of 37.5 minutes 
which is about 28 minutes. Thus the average time intervals were con- 
verted into minutes. These minute values were totalled for each group 
and a total time per week per teacher was obtained for each of the 
eight categories about activities related to the teaching task. 

A slight difficulty presented itself with the open-ended 
interval of over 60 minutes. It was difficult to ascertain what average 
minute value should be assigned to this interval. Hence the writer 
went back to the school and discussed this aspect with the teachers. 

It appeared that if the writer took 90 minutes as the mean time for 
this interval that he was close to the actual average time spent by 
the teachers. It is difficult to attain exact figures unless someone 


keeps exact time. It is almost impossible for the classroom teacher 
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64 
to do so unless he neglects the job he is supposed to do, that is 
teaching. 

For the bottom table the figures in the total column were ob- 
tained in the same manner as described for the top table. The divisor 
was obtained in a different names fend as a result the averages are 
different. The divisor is the total number of class periods that 
each group reported on. Thus the average obtained for each time inter- 
val now is an average per class period. These average time intervals 
per class period were translated into minute values in the same manner 
as was done for the previous table. Thus total times in minutes for 
each activity per class were obtained. 

The two groups taught classes of different lengths hence 
adjustments had to be made in order to be able to compare the two 
groups. Thus each set of figures was expressed as a percent of 
classtime. The results thus obtained for each of the eight categories 
for each group was graphed. The graph appears in the discussion in 
Chapter V. The actual frequencies obtained for this study appear in 
the tables in Appendix F. 

The description and analysis of the results of the questionnaire 
was based on the yes - no response frequencies. These frequencies 
will be shown in the tabulation table in Appendix G. 

The above discussed calculation procedures were employed to 
obtain the results discussed in the next chapter. Chapter V is the 


report of the actual findings and their interpretations. 
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CHAPTER V 
RESULTS, INTERPRETATIONS AND CONCLUSIONS 


Introduction 

‘This chapter contains the final results as shown in the series 
of graphs based on the findings of the three different instruments 
used. The findings based on each instrument will be discussed separ- 
ately. In the summary section of the chapter, interpretations will 
be given and conclusions will be drawn based on the data obtained from 


the three instruments. 


Findings From the Observation Schedule 


The results of the observation schedule were analyzed under 
ten different headings. The areas that were dealt with were: checking 
assignments, formal teaching, directed practise, managerial tasks, 
testing, seat work, laboratory work, grouping, classroom climate, and 
affective teacher talk and actions. The individualized group was 
considered in two different settings, namely in the individualized 
setting and in the teacher-taught setting. At the same time the teachers 
in the control group were considered as well so that a comparison with 
a regular teacher-taught situation would be possible. Graphs have been 
used to report the results and to assist the reader in gaining a better 
overall idea of the teacher's role in the experimental program. The 
data on which the graphs have been based can be found in Appendix E. 


It should be noted again at this point that the percentage 
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66 
figure shown on the graph does not refer to percent of class time, but 
to the percent of five minute observation periods during which a par- 
ticular behavior shown by one or more of the teachers was observed 
in a given setting, e.g. the experimental group was observed for a 
total of 45 five minute periods with respect to any of the behaviors 
shown in the first nine parts of the schedule, i.e. 45% means that in 
45% of the 45 five minute observation periods a particular behavior 
had been displayed once or more than once by one or more teachers in 
the group. The criterion used has been to report what occurred for 
a group as a whole not what happened in a given class at a given time. 
The number following the headings of each of the subsections corresponds 


to the number on the Observation Schedule. 


Checking Assignments (1.0) 


A glance at the graph on page 67 shows the experimental 
teachers did practically no checking of assignments. Only a very 
minimal comment with respect to the doing of homework was observed in 
the individualized setting. The comment was made by only one of the 
teachers involved in the project. It could be concluded then that 
no formal checking of assignments took place in the experimental 
program in contrast to what was being done by the control group. 

The control group did check assignments regularly and used a number 


of variations to do the checking. 
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CHECKING ASSIGNMENTS 
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FIGURE XV 


GRAPH SHOWING PERCENTAGE DISTRIBUTIONS 


FOR BEHAVIORS RELATED TO CHECKING ASSIGNMENTS 
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68 
Formal Teaching (2.0) 

Under this heading the writer looked for what would normally 
be considered the routine a teacher follows when he explains and 
teaches new material and concepts. In other words the teacher is the 
more dominant figure at this particular time of the lesson. From the 
graph on page 69 it can be seen that basically this approach to teach- 
ing was not used in the individualized classroom setting. The few 
small entries that have been shown refer to the few minutes each teacher 
usually took at the beginning of the period to explain what was to be 
done next and what changes were to be made in the routine and materials, 
if any. It was generally intended to clear up any confusion that might 
exist or difficulties of a general nature that might have arisen. 
Basically this was the few minutes used to do a quick housekeeping | 
job in order to keep the pupils working efficiently. There is quite 
a contrast between the teacher-taught class as it was used in the 
experimental setting and the regular teacher-taught class as used by 
the control group. In the teacher-taught class of the experimental 
approach the teacher used the board while lecturing and questioning 
for almost the entire period. The teacher in the control group 
lectured and questioned for slightly less than half the period. The 
behavior of the experimental group was basically due to the program, 
for the teacher-taught class was intended to be a lesson reviewing 
the material which a pupil had studied previously. The pupil attended 
this class to hear a teacher's exposition of the material he had tried 
to read and understand earlier. The emphasis in this class, as a 


consequence, was on explaining (lecturing), showing (using the board), 
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FORMAL TEACHING 
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BEHAVIORS RELATED TO FORMAL TEACHING 
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70 
and questioning the pupils to see if they were grasping the ideas that 
were discussed. In contrast the control group used this approach to 
teach the material to be learned by the pupil. The pupil had not had 
a previous attempt at it. Thus the teacher in the control setting had 
to give more time to seatwork and related activities. The graph bears 
this out. Therefore the difference in purpose between the teacher- 
taught classes in the experimental setting and the control setting 
did show up very dramatically. 

It was rather interesting to note that neither the experimental 
group nor the control group used any audiosvisual aids. This was 
expected to some extent in the experimental setting because the film- 
strips were made available to the individual pupils or small groups 
of pupils and were not intended to be used by the teacher to instruct 
an entire class. Because of the individualized setting in the experi- 
ment, the use of an overhead projector was limited at this time. The 
most surprising part was the absence of any of these aids in the control 
group. 

A final comment to be made with respect to formal teaching. 
Despite the fact that in the experimental teacher-taught group the 
teacher talked almost the entire period and in view of the class loads, 
which ran from about 15 to about 55, the teachers experienced no 
difficulty in maintaining discipline. When 40 or more pupils were 
in attendance a number of them had to sit on the window sills and on 
the floor which created a very crowded condition. The pupils mainly 
attended to get help and information. Hence the pupils were in the 
teacher-taught class for a purpose, which perhaps partly explains 


the absence of disciplinary problems. More on discipline will follow 
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in a later section. 
Closely linked with formal teaching is the idea of directed 


practise, which will be discussed next. 


Directed Practise (3.0) 

The writer is interested in this section with the practise 
a number of teachers use as a follow-up to a formal presentation. 
The teacher gives one or two examples for the pupils to work on to 
ascertain if the pupils have grasped the ideas that have been presented 
in the lecture. The writer found the experimental group did not employ 
this concept in either the independent study setting or in the teacher-~ 
taught setting, however the control group did use it. The graph on 
page 72 refers to this aspect and shows that only the control group 
made use of directed practise. Following directed practise the regular 
classroom teacher usually gave an assignment and time for the class 
to work on the assignment. The writer has labeled this aspect as 


seat work. This will be discussed in the next section. 


Seat Work (6.0) 

Seat work in the regular classroom is usually given to provide 
an opportunity for the pupil to work on his own and do the applications 
in relation to the theory and development given previously in the lesson, 
This procedure gives the teacher the opportunity to help individual 
pupils or small groups who still experience difficulties. Seat work, 
of course, is a major part of any form of individualized learning. 

It should thus appear quite prominently in the independent study 
setting. The graph on page 73 relates to seat work. It is rather 


interesting to note that the experimental group did not use it in 
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DIRECTED PRACTISE 
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SEAT WORK 


vA 


Legend: 


100 


| Control 


90 


y EXp. Ind sti. 


A 


89 


' 
u a 
o 
7G 
o 
oO S| 
AH yv 
Sex} 
e 00 
Smo Ca] 
Be LAA RRBRARRRRRARRRRRRLET 
V7 Z1 MA 


DAAAS ASA ASA AANA 


NAAASAN 
i] 
RNY RSS SS 


ww 


22 
[ay ake _| 
PN ASS SAAS AAASAS AANA ANAS ANSAAAS 


e 
BASAANNANANAANASNSAASSANAAASAAANAANASNNANS 


= 
RAYS SASSY 


NAN 


Eee aes 
AASSASAAASASNAASSASAASSAASNASSASASA 


70 
60 
50 
30 
20 
10 


40 


teacher checks problems worked 
teacher explains to class 

pupil helps pupil 

pupil uses workbook 

pupil uses text 

pupil uses hand out 

pupil asks question, teacher helps 
pupil colors, draws, cuts, etc. 
pupil writes, manipulates at seat 
pupil studies, reads at seat 
teacher urges pupil to work 
teacher works with small group 


teacher helps individual 


FIGURE XVIII 


GRAPH SHOWING PERCENTAGE DISTRIBUTIONS FOR 
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74 
the teacher-taught setting. As was to be expected the independent 
study setting used seatwork extensively. This was necessary in order 
to free the teacher so he could help the individual pupil and also 
to make it possible for the individual pupil to move at his own rate 
through the materials. As can be seen from the graph the teacher spent 
a considerable amount of his time helping individual pupils while the 
other pupils were sitting in their desks working. The pupils were 
never observed using an authorized textbook. They seemed to rely 
almost entirely on the prepared materials. Another aspect of the 
independent study setting was that pupils were helping each other. 

The control group used seat work relatively little. Yet pro- 
portionately much the same distributions appeared with respect to such 
activities as teachers helping individuals, pupils helping other 
pupils, pupils working on their own, and pupils using the text books. 
In both settings the teachers had to urge the pupils from time to time 
to work. A couple of aspects which the experimental group did not 
do were: the teacher going through the room checking the work of 
the pupils and the teacher stopping the class and explaining difficulties 
to the entire class. 

In conclusion it can be stated that the findings show that the 
intended purpose of the program can be realized through the use of 
seat work and that the regular classroom teacher could spend more time 
with individual pupils if more time was available for seat work. 

This of course shows the need for a form of individualized instruction. 
Up to this point the behavior of the teacher in the independent study 


setting has been found considerably different from the behavior of the 
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75 
teacher in the control setting. The writer will summarize these 
differences later in this chapter. 

In relation to a particular classroom procedure certain groupings 
of pupils are used. The next section has been devoted to the grouping 
of pupils within a classroom as observed in both the experimental and 


the control setting. 


Grouping (8.0) 


Teachers can group the pupils in a given class in many different 
ways. They might group according to ability, interest, age, sex, 
attitude, or materials to be used. The grouping might be done by the 
teacher or the grouping can be left to the pupil himself. The writer 
refers to grouping by the teacher when he uses the statement "admini- 
strative grouping". On the other hand the writer uses the concept 
"social grouping" to mean a grouping arranged by the pupils themselves. 
First the writer will discuss the findings with respect to "admini- 
strative grouping". 

From the graph on page 76 it appears that the teacher in the 
independent study setting spent considerably less time with the entire 
class, administratively grouped, than did either the teacher in the 
experimental teacher-taught class or the teacher in the control class. 
The main reason for handling the class as a single group was to be 
able to explain to the class some changes in procedure or to review 
some aspects of the method. As was pointed out in a previous section 
this form of grouping was used only to do some housekeeping to ensure 
the efficiency of the program. From the graph it also becomes clear 


that other forms of formal grouping (administrative grouping) in the 
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12 
independent study setting did not differ appreciably, if any, from 
those used by the control group. 

The teachers used only one form of grouping in the teacher- 
taught class in the experimental setting. They had the entire class 
as a group with the teacher for the duration of the class period. This 
was pointed out in a previous section on formal teaching and, in that 
respect, the two findings support each other. In this respect the 
teacher in the teacher-taught class did not differ appreciably from 
the control group except that the teachers in the control group did 
provide for some seat work during which time the pupils worked on 
their own. Still the control group kept the pupils "administratively" 
grouped as individuals. No freedom of grouping on the part of the 
pupil was observed in the control group. 

Next the writer will discuss the "social grouping" of pupils 
in a classroom. The graph shows that the independent study group 
ferticted this type of grouping, but the other two sett ings did not 
allow this grouping. It is of interest to note that pupils preferred 
to work as individuals, for this could be observed most frequently. 
Groups of two or three pupils working together without the teacher 
could be observed quite frequently as well. The last two groupings 
mentioned coincide very closely with the observations made in the seat 
work section with respect to the number of times the teacher was 
observed helping individual pupils and the number of times pupils were 
observed helping pupils. The only ee larger groupings were observed 
the pupils were found to be with a teacher. It appears that pupils 


with a common problem would approach a teacher together or when the 
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78 
pupils found a teacher dealing with a problem they had, the pupils 
voluntarily joined the group. The latter type of grouping was not 
observed to any great extent. 

Closely linked with the foregoing behaviors discussed up to 
this point is classroom climate. This will be discussed in the 


section following. 


Classroom Climate (9.0) 

Classroom climate is the general tone of the classroom. The 
writer hoped to be able to describe what the general feeling in the 
classroom was by looking at a number of specific behaviors displayed 
by the teacher and by the pupils. Often the behaviors of the pupils 
show indirectly the task a teacher faces and how the teacher appears 
to be handling the situation. The diagram following shows these 
behaviors and the frequency of their occurrence with respect to 
observation periods. A number of behaviors displayed by the indepen- 
dent study group differ significantly from those displayed by the other 
two groups. In the independent study setting the writer noticed that 
the teacher moved about less freely than he did in the other settings. 
On the other hand the pupils had more freedom to move about in the 
independent study setting. The latter two behaviors complement each 
other. In the independent study session the pupils come to the teacher 
for help or go to other pupils for help. As soon as pupils come to 
the teacher, the teacher loses freedom of movement and hence was 
seen more frequently in the same location in the classroom. All the 
pupil movement was not due to going for help to a teacher or another 


pupil. A number of pupils had to leave the room to go to another 
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room to either write a test or consult a reference book. 

Since working together in the independent study setting was 
encouraged the teacher had to tolerate a fair amount of whispering. 
It was somewhat surprising that the same behavior was observed just 
as frequently in the control group. The only difference between the 
two settings was that more pupils were involved in this behavior in 
the independent study setting than was the case in the control setting. 
The teacher in the independent study setting had to make sure that the 
level of noise did not get too high. The writer had noted several times 
in the remark section on his schedule that the noise level was low. and 
that mainly time wasting and socializing took place. The last behavior 
became very apparent in the individualized setting and the teacher had 
to adjust to it. It is quite possible pupils wasted just as much time 
in the control class, but in the latter setting it could not be observed 
as readily since the pupil could pretend to be attentive. At any rate 
the teachers of the independent study group seemed to have good disci- 
pline. The number of times they had to discipline a pupil were cone 
siderably less than in any of the other settings. Of course in the 
other settings even whispering could not be tolerated when the teacher 
was lecturing, and consequently the pupils were disciplined for this. 
More interruptions for all pupils occurred, because the teacher in formal 
teaching situations had to stop the development of a concept every 
time he disciplined a pupil. This leads to loss of continuity and, 
the writer felt, a wasting of time. In the section on managerial tasks 
it will be noted that the teacher in the independent study group did 


not discipline the entire class as often either as did the teachers 
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81 
in the control group. The discipline appears to be easier for the 
independent study group, but in the section reporting on the findings 
of the questionnaire it will be noted to be more difficult according 
to the feelings expressed there by the teachers. With less actual 
disciplining occurring, less hostility built up between the teacher 
and the pupils. The teacher seemed to be more inclined to show his 
affection for the pupils in the independent study group than the teachers 
in the control group. As the graph bears out, this behavior was 
observed about twice as frequently in the independent study setting 
as it was in the control setting. This also seemed to lead to the 
pupils showing their affection for the teachers. Again this behavior 
was observed much more frequently in the independent study setting 
than in the control setting. A note of caution must be struck here, 
for the observer had difficulty in recording the behavior just men- 
tioned. The observer placed himself in a position at the back of the 
classroom so he could observe the teacher at all times. This position 
made it difficult to observe the facial expressions of the pupils in 
both settings. Yet it is probable that it was possible to observe 
affection more frequently in the independent study setting, because 
the pupil was given a better chance to express himself in a one-to- 
one relationship with the teacher. In the control setting the pupil 
was not given the same opportunity. Also coupled with less disciplining 
was the feeling of being more relaxed. The latter was borne out by 
the fact that laughter by pupils was observed much more frequently in 
the experimental group than it was in the control group. 


Up to this point the writer has mainly shown the contrast 
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82 
between the independent study group and the control group. The 
remaining behaviors shown on the graph for classroom climate, which 
were not discussed were not of great importance because of their in- 
frequent occurrence. Perhaps the only significance these behaviors have 
is. that they were observed in one setting and not in the other. How- 
ever, due to the sampling method these behaviors could have been missed 
in one or the other of the settings. Thus these behaviors were not 
used to contrast the two groups. 

Finally, the writer will mention just a few things about the 
experimental teacher-taught class. The teachers & this setting 
showed the same frequency of affection for pupils as they did in the 
independent study setting. Pupil laughter also occurred as frequently 
as it did in the independent study setting. On the other hand the 
teachers behaved in the experimental teacher-taught class the same as 
did the teachers in Bhemcontrot group with respect to moving about 
in the room. Whispering by pupils was observed considerably less 
frequently in this setting. This was perhaps due to the fast pace 
the teachers maintained in the presentation of the material. Also 
the teachers usually made it quite clear that talking on the part 
of the pupil could not be tolerated. They enforced this, especially 
when the class was large, and the pupils seemed to be quite eager 
to comply with this request. 

In closing the writer should remark that the teachers in the 
experimental group sete more inclined to show feelings towards their 
pupils and that as a consequence there seemed to be a more relaxed 


atmosphere in the classroom. The pupils seemed to be slightly more 
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83 
relaxed as it manifested itself in more pupil laughter. The experimental 
group seemed to have created a better working atmosphere, which could 
be due also to differences in characteristics of the teachers in the 


experimental and control group. 


Testing (5.0) 


In this section the writer wishes to discuss briefly the dif- 
ferences in the testing programs as observed between the experimental 
and the control group. It should be noted at the outset that no 
testing was to take place in the experimental teacher-taught class 
and none was observed in that setting. Hence the testing in the 
experimental setting took place only in relation to the independent 
study setting. 

In the experimental group testing occurred more frequently 
than it did in the control group. This was mainly due to the design 
of the experimental program. Quite frequently it was possible to 
observe pupils writing a test in the independent study setting. On 
certain days the pupils would leave the room to go to a central 
location to write the test. The supervision in that room was done 
by a teacher aide. Yet from time to time one or two pupils would be 
writing in the same room as the instruction was taking place. Whenever 
there were only a few pupils writing the teacher did not seem to super- 
vise, he simply carried on helping individual pupils as before. If 
there were more than two or three the teacher seemed to supervise to 
prevent possible cooperation with other pupils. In general the teacher 
did not supervise as the graph on page 85 will show. Testing occurred 


quite regularly, but supervision by teachers was minimal. In the 
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84 
control group testing did not occur on any of the days that the writer 
visited their classes and hence teachers in that group were not observed 
in the testing situation. The latter bears out the fact that the 
experimental group had a more extensive testing program than the 
control group. 

In the experimental group tests were handed back and then 
discussed with each pupil individually. The writer could not establish 
a frequency with respect to this for it was impossible to tell from 
the position at the back of the room if the teacher was discussing 
a test or regular class work. In the control group however it was 
quite possible to observe the teacher discussing the test. The graph 
on the page following shows this clearly. The teacher discusses the 
test with the entire class at once. The writer was able to observe 
the marking of a test by the class in the control setting. In the 
control setting much of the diagnostic value of the test was lost, 
since the cabot was unable to talk about specific problems a given 
pupil might have. 

The reason for discussing tests with pupils individually in 
the experimental group was due to the following two situations: 
first, not all students who wrote the same test wrote it at the same 
time and second, different achievement levels required totally different 


tests. 


Managerial tasks (4.0) 


In each classroom a number of management tasks have to be 
performed in the course of a lesson. The graph on page 86 shows 


the differences and similarities between the experimental groups and 
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GRAPH SHOWING PERCENTAGE DISTRIBUTIONS FOR 


BEHAVIORS RELATED TO TESTING 








ESacpek Snbexalece caer 

















7 = ; 
: TE ELE E EEE REESE TES 2077 = i oe 
: | Bab: TT BETES £62r 6x daz 
' a 4 * _ 
; ; | rans 
}CTsee wesKs oF coReS ab ese “OR dn 
- - H i 
2 j a F Ta weet = nce | cs IC PSE 7 eu t6e bob TT 7,2 ange To - 
oa 
. - + 
~foestper VUSAETs Di 

as t : i 
tua 

P t 

el ; 
® 

— 4 

? a : 
— 

= - 1 

e 4 . 

a | ; 

S ff \ 

af : 

co _ 2 ov i 

¢ <a 5 


7 
mw 


86 


a 


° a 
a 4 
fe] 
e oO AN 
ae] £9) 
Do $ue Sy 
u G 
cs) e e 00 AN 
6 og Bs 
(a tz] kl wv VA 
Co NSS 222) 
4S 4£4LALLALAAAL Ah 
he ee ee | 
z ARRBRAARRRRRAARLRRT 
oO 
60 ZZ 
Si ww 
ww 
[=e] 
Yn AS 
Mm 
Y) 
< 
aa WABBABRLRRE 
4 
<x 
a, a 
ae RABAABAET 
3 
3 BWALBBRBBASERLALE’ 
ae Te 
QALBRRABWway 
i= 


NJ 


ULLLLL LL 
2 eae ES Se eae 
MS SO SS ASS SASSY 


ZILLA LA LIAL L ADL DL LLL LLL 
La 


MF. 


v/ 
60 
50 
30 
20 
10 


40 


teacher tells pupil to help pupil 


pupil answers door or phone 


pupil passes out material 


pupil cleans board 


teacher makes announcement 


teacher 


teacher 


teacher 


teacher 


teacher 


teacher 


teacher 


teacher 


teacher 


teacher 


makes assignment 
writes on board 
leaves or enters room 
answers door or phone 
works at desk 

passes out material 
marks assignment 
disciplines 

cleans board 


takes attendance 


FIGURE XXII 
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BEHAVIORS RELATED TO MANAGERTAL TASKS 








: ——— 
= 7 “ i. a - 


eee reecpes =< s pa s 





ries ar a. - = 
oe EMASSSSY Fescpex qjecTbyjuEe 


¥ 





, “sl 
; rt iow copes a. lee ve 








“ ; z anna 

} : 

; 

: 2 i 


Ae ALATA 


*e 


TSDAMAM 


. 
LA 
lA. 


= Se ae 
, 

CS ieee 
¢ SS] 
oO =| 
G — 

erro T y AI FF27 ri 
p- satan 4  annninn' 
* 7 nee 
fom’ ae, “hd MS,” - 
- + SSS ~— 
E 
\% 
2 7, os coc} ; 
‘=oear : + 
m rr = = | ™ 
; ma » . 
5 *~ —~{ 
Sey .. * - 
a ‘ 
$ ) | 
‘ 
| ml 4 7 


Le © 
a “ € 
A } : 


87 
the control group. The activities of the teacher in the independent 
study group differed greatly from those of the teacher in the control 
group. In the independent study group the teacher could be observed 
quite often passing out materials, working at his desk, leaving or 
entering the room, or answering the door or phone. Upon close exami- 
nation the writer found that the berohsr could be seen at his desk 
more frequently, because pupils kept him there by coming to him, as 
was mentioned in the seat work section, and also because he had more 
record-keeping to do. The writer found the teachers worked as a team. 
If one of the teachers was conducting the teacher-taught class, then 
the others looked after his independent study class. This exo inined 
the frequent entering and leaving of a room, for the teacher-taught 
classes were conducted almost daily, but every day by a different 
teacher. It must be noted at this point that the teachers in the 
experimental group taught the grade seven mathematics simultaneously. 
The classrooms were too small to take a part of the pupils that were 
left alone in a room whenever their teacher conducted the teacher- 
taught class. Hence the situation of a room without a teacher. 

The teachers were also observed answering the door or the phone 
frequently in the independent study group. This was due to consultations 
with respect to materials and procedures. Because of the team approach 
it was necessary that everyone knew what happened in the different 
rooms. Thus if an error was found the others had to be informed. 

Since the materials were used for the first time and unavoidable 
errors in materials and procedures did occur, it was necessary to 


rectify these immediately in every room. 
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Since pupils worked at their own rate it was possible to see 
a teacher hand out some new packets of materials almost every class 
period. The number of announcements was greater in the experimental 
setting because of the nature of the program. A greater number of 
variations were possible in the experimental setting and generally 
many of the announcements were either to inform the pupils about changes 
in the materials or procedures or reminders to the pupils of things 
to do and to watch for. 

The cleaning of the board by the teacher was observed only 
in those settings where formal teaching occurred and was never observed 
in the independent study setting. 

Disciplining of a class as a whole occurred least often in 
the experimental teacher-taught class and most frequently in the control 
Classes. As a matter of fact the teachers of the control classes 
were observed disciplining the entire class about twice as often as 
were the teachers in the independent study setting. This was pointed 
out earlier in the classroom climate section. The writer has no 
particular explanation for this except that maybe the teachers in the 
control group had more difficult classes to control. Otherwise it 
might have to be concluded that the experimental program fostered a 
better attitude towards the learning of mathematics. 

A number of behaviors were observed only occasionally as the 
graph shows and thus it is not possible to say too much about them 
other than that these were observed and did occur sometimes in one 


setting and not in another setting. 
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FIGURE XXIII 
GRAPH SHOWING PERCENTAGE DISTRIBUTIONS FOR 


BEHAVIORS RELATED TO LABORATORY WORK 
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90 
Laboratory Work (7.0) 

The writer included this section because the experimental 
program had provided some time for activities of a laboratory nature. 
The writer was able to observe the use of puzzles and games by pupils 
on a few occasions in both the independent study setting and the control 
group. In neither setting was the use of this approach a very sSigni- 
ficant part of the regular classroom procedure. The graph referring 
to this is on page 89, 

Affective Teacher Talk and Actions (10.0) 

This final section on the Observation Schedule differs in its 
analysis from the previous sections in that the results are reported 
as frequencies per 100 minutes per teacher for each group. The 100 
minute period was chosen to make graphing easier. 

The teacher talk and actions were analyzed in two separate 
categories. The first category was the talk that related to the class 
as a group and the second category was the talk that related to the 
individual pupil. It was often difficult to determine if the teachers 
were addressing the whole class or an individual pupil. Generally 
speaking, in those situations, the writer noted it as being directed 
to the entire class. By and large the teachers in a formal teaching 
situation directed their remarks mainly to the entire class. The 
two graphs on page 91 and page 94 show this clearly. Another problem 
encountered in the analysis of the teacher talk occurred in the tude 
pendent study situation where the teacher could not be heard by the 
observer whenever the teacher was dealing with individual pupils. 


The entries for the talk directed to individual pupils should have 
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GRAPH SHOWING PERCENTAGE DISTRIBUTIONS FOR BEHAVIORS 
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92 
been many times greater for the independent study group, but it was 
not possible to record it. The graph on page 91 shows the analysis 
of the statements and actions that were made on the average per 
teacher per 100 minutes. 

The teachers in the independent study classes were observed 
to address their classes very infrequently. The only significant verbal 
behavior measured was the making of miscellaneous statements. The 
reason for this is simple. The teachers in the independent study 
setting only addressed the class as a whole when a general announcement 
had to be made. The statements never related to any specific mathe- 
matics task. 

The teachers in the experimental teacher-taught class and the 
teachers in the control class were alike with respect to miscellaneous 
statements and directive statements. In both cases they differed 
markedly from the teacher in the independent study class. The teachers 
in the experimental teacher-taught class made significantly more 
problem-structuring statements than did the teachers in the control 
group. On the other hand the teachers in the control group made more 
pupil-supportive statements than did the teachers in the experimental 
teachere-taught class. 

The teachers in the experimental teacher-taught class were 
much more positive in their actions and looks than they were negative. 
The graph (page 91) illustrates this distinction clearly. It also 
illustrates how the teachers in the control group are much more 
negative in their actions than positive. The results mentioned in 


this paragraph seem to fall in line with what was found in the class- 
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93 
room climate section with respect to teacher affection for his pupils. 

As was noted at the outset of this section, there should have 
been a much higher entry for the independent study setting, but this 
was not possible for the observer could not hear what the teacher said 
in most cases when the latter was dealing with individual pupils. 

Only the teacher's actions and gestures could be recorded and hence 

a distorted picture was obtained. Yet something interesting appears 
when the independent study group, the experimental teacher-taught class 
group, and the control group are compared. It appears that the teachers 
in the experimental teacher-taught class setting and the teachers in 
the control setting directed very little attention to the individual. 

In almost all categories the independent study group scored higher 

or as high as did the other two groups even though the writer experi- 
enced extreme difficulty in scoring the former group. 

A glance at the graph on page 94 will confirm what the writer 
experienced in his attempt to score this section of his observation 
schedule. At the same time the reader will note that the actions on 
the part of the independent study group were significantly more positive 
than negative. The latter corroborates what was found in relation 
to the teacher talk and actions as directed to the whole group in the 
experimental teacher-taught class. It is not surprising however to 
find this for the teachers in the independent study group and the 
experimental teacher-taught class group were the same teachers. 

With this section the writer has completed the analysis of 
the findings of the observation schedule. The following section 


deals with the analysis of the data from the log sheet. 
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AFFECTIVE TEACHER TALK AND ACTIONS (INDIVIDUAL) 
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Findings From the Log Sheet 

The log sheet was designed to gain information in relation 
to two major areas. The first was the time distribution of different 
teaching activities used by the teachers during the normal teaching 
period. The second area dealt with the time teachers spent on tasks 
related to their teaching task outside of class time. The findings 
with respect to those two areas will be reported in the remainder of 
this section. panecines pupil behavior is mentioned to imply the 


teacher's task. 


Classroom Activities 

In order to compare the two teaching styles a graph was pre- 
pared with respect to the eight activities that were examined on 
the survey. The graph follows on page 96. 

It becomes quite evident from the graph that the two teaching 
styles do indeed demand a different distribution of time spent on 
classroom activities. The experimental group reported that their 
students were assigned to work at their desks for about twice as much 
time as che control group reported. Approximately the same ratio 
between the experimental group and the control group was reported for 
the helping of individual pupils, the teaching of different ability 
groupings, and the teaching of small groups. In the latter case the 
writer had specified the group size as three to six. The reporting 
of the teachers in the experimental group with respect to the above 
activities shows a good deal of consistency, for the total time devoted 
to the helping of individual pupils, the teaching of different ability 


groups and the teaching of small groups should be roughly equivalent 
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CLASSROOM ACTIVITIES AND THEIR AVERAGE PERCENTAGE DISTRIBUTION 
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97 
to the time the pupils were working at their desks. If the reader 
consults the graph it shows that these times do not differ too greatly. 
About the same holds true for the experimental group. 

The control group devoted considerably more time to the teaching 
of the entire class, the taking up of homework, and the supervision of 
testing than the experimental group. This was to some extent to be 
expected for the individualized instruction materials were designed 
to eliminate chores like taking up homework and the teaching of the 
entire class. The reason that some teaching of the entire class was 
shown by the experimental group was that the teachers who taught in 
the teacher-taught class aspect of the experiment reported the time 
divisions used in that classroom setting. The writer has however no 
way of telling which times relate to that aspect. Therefore the time 
distribution for the experimental group would, in fact, be slightly 
different than was reported. The times for the experimental group 
were an average of the two aspects of teaching, the independent study 


mode and the teacher-taught mode, used in the experimental setting. 


Related Activities 

A graph was prepared for the purpose of easier comparison 
between the experimental group and the control group with respect 
to the times used for activities related to the teaching task outside 
of class time. From the evant some significant differences appear 
between the two groups with respect to time spent on marking tests, 
record-keeping, departmental meetings, and group planning. The writer 
examined these results just a little more closely to see if the experi- 


mental program would always require this much time in the above areas. 
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FIGURE XXVII 


AVERAGE WEEKLY PREPARATION AND MARKING TIMES PER TEACHER 
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99 . 
The marking load of tests will not diminish as the program continues, 
for the tests are an integral part of the program. Testing occurred 
much more frequently in the experimental program than it did in the 
control program. Many of the tests took the pupils more than one 45 
minute class period to write for every objective studied had to be 
tested. The marking required a teacher's judgment in many cases to 
decide if the pupil had met the criterion for the objective. Thus 
a teacher aide in this program was not too helpful. Another area 
directly linked to the testing program was the keeping of records on 
pupil progress. The achievement of every pupil with respect to each 
objective was recorded for each individual pupil on his record sheet. 
This work could have been done by a teacher aide, but the teacher aide 
available to the teachers did not have any time left to do this in 
addition to the supervision of testing and other clerical duties. 
Then, because of the experimental nature of the program many depart- 
mental meetings were required. Coupled with this program of planning 
is the actual teaching. Since the teaching was based on a team approach, 
group planning was a necessity. The time required for group planning 
the writer cannot see diminishing in the future. 

The experimental group required about the same amount of time 
as the control group for such areas as marking of assignments, the 
preparing of aids, and the planning of lessons by each individtal teacher. 
In the area of test preparation the experimental group did not expend 
any time at all, for the tests were prepared and included with the 
material. As was stated before, the tests were an integral part of 


the material. 
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100 
What do the results of this section indicate? These simply 
point out one significant factor and that is the teacher in the 
experimental program spends about seventy minutes per week more on 
activities related to this program than his counterpart does on the 
control program. 
With the above remarks the writer concludes the analysis of the 


data obtained from the log sheet. 


Findings From the Questionnaire 


The questionnaire was designed to gather information about 
areas which the previous two instruments had left untouched, i.e. how 
did the teachers plan? how did the teachers feel the program affected 
the pupils? and what were their feelings about the program? The 
first part of the questionnaire was designed to make comparisons between 
the experimental group and the control group. Hence the first 32 
questions were given to both groups. Questions 33 to 55 were given 
to the experimental group only. Usually more than one question 
referred to the same concept and hence the replies to those questions 
will be grouped for the consideration of the results. In order to 
facilitate the discussion the section will be divided into a number of 
subsections each dealing with a particular set of questions. The 
questions on the questionnaire to which the subsection relates will be 


indicated following its heading. 


Planning the Unit (Questions 1 to 6) 


The experimental group indicated that they planned each unit 


of work together as a department. Following that they had a committee 
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101 
of teachers to prepare the necessary materials to be used for the 
particular unit. The control group indicated that each teacher 
planned each unit of work by himself and that each teacher prepared 


his own materials. 


Planning of Lessons (Questions 7 to 10) 


The experimental group indicated a number of approaches. The 
majority showed that they planned each lesson alone and not as a depart- 
ment. Iwo of the teachers seemed to plan together by the indications 
on their questionnaires. Some of the teachers felt that the lessons 
were planned by the department as a whole. The control group showed 
again that each teacher planned the lessons by himself. Neither of 
the two groups reported that the lessons were planned in cooperation 


with the pupils. 


Teaching of Each Class (Questions 11 to 14) 


This section deals with the manner in which teachers dealt 
with their classes during the course of a classroom period. The ex- 
perimental group indicated that each teacher teaches his assigned 
class for most of each period, however there was also an indication 
that they assisted each other within the department in the teaching 
of the classes. The term teaching as used by the experimental group 
has to be viewed in a different light than traditionally is the case. 
The teacher in the experimental setting acted as a resource person and 
a diagnostician who mainly dealt with the pupils in his class ona 
one-to-one basis. The teacher was available to any pupil in his class 


during the entire class period. The control group indicated that 


2gWw SIS! 


Dy oad tsigob oxi maa ew tedto. tase betetecs xed aad 




















txodem yxseso0ed, sd3 ox9qo74 oo exovionsd 7 
| | hb -: “1h / 


ri quotg fox inoo aiT .Jinw ‘apivottzaq - 


,— tiosmia wel awow to tiay ase. bontal 


si3 Die 349% ‘< a: 
-2igtzojem mwo" 
yi oe \ eno zen) enoeuel 2o guionalt 
ty baesaplibnt quozg Lsinomireyxe ait | 
noeaal doae 6 onnate yond jac beworie coat 


nele o3 bormees axeioes3 eis ito owl see 


~eatieeat etd to shod eer ‘tenmnotseoup 


Ps P , . ° 
oiw g es Ineniteqsb afd ys bonr wig 


- 2, ', oF 
> hannelg xedoped mose Jad3 - 


Pe ng eee cere 


a > r rar el aa: A A 7 Pe ake 6 
é . 
¢ tennem oft ddtw aiseb AO LI ISS aidt _ 
. . 
- a 
bate aaa 
io g' 2 eemu0o ed? gate eaess ~ 
P r % o« 


pep 
a 


me 


, 7 
Fs r Son “ A Kast -_ , bri ~ uot > 
93 teadoasd dose ted bataotbal 4 om 







Aa sovgwod bobseq ioas Yo eon 703 2 


ce a * 






Py 


ee See 

s 13 
-o7 ae 7 
oh fe 







<e aeeyet ee a ene edt ; ps 


iv 4 





ts a 


ny? 


102 
each teacher looked after his assigned class for the entire period 
and that there was no assistance from other teachers within the 


department. 


Teaching Method Used (Questions 15 to 19) 


The manner in which individual lessons were taught differed 
considerably between the two groups. The experimental group indicated 
that they used: ability grouping, the teaching of small groups, 
independent study with prepared materials, and whole class instruction. 
The latter differed from the regular classroom instruction in that the 
pupils who were taught as a whole class were actually attending a 
lecture to supplement their independent study. The control group 
indicated that they taught the entire class at once. The control 
group also indicated that some small group work using prepared materials 
had been employed. The differences between the two groups would seem 
to indicate that the individualized study approach promoted the greater 


variety of approaches. 


Teacher Expectations (Questions 20 to 22) 


The experimental group reported they did not expect all their 
pupils to progress at the same rate. Neither did the experimental 
group expect pupils of the same ability to progress at the same rate. 
They indicated they expected each pupil to progress at his own rate. 
The control group also indicated they did not expect all their pupils 
to progress at the same rate. They did expect pupils of the same 
ability to progress at the same rate. The control group did not allow 


pupils to progress at their own rate. There was thus a significant 
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103 
difference between the two groups in expectation with respect to a 
pupil's progress. The experimental group expected each pupil to 
progress at his own rate and the control group expected pupils of the 


same ability to progress at the same rate. 


Teaching Style (Questions 23 to 25) 


The experimental group reported that they taught as a team and 
that they had the use of a teacher aide. The control group on the 
other hand reported that they taught independent of each other and 


that they did not have the assistance of the teacher aide. 


The Teacher Aide (Questions 26 to 32) 


From the answers given it appeared that the teachers in the 
experimental group had the assistance of a teacher aide for more than 
two days per week. The writer found his question 26 lacking and checked 
afterwards with the teachers on this one point and found the teachers 
as a group had the assistance of one teacher aide for five half days 
per week. The teacher aide assisted the teachers with supervision of 
testing, she did some marking of tests for a couple of teachers, while 
others had her assist them with the preparation of teaching aids and 
apparatus. The teacher aide did not assist the teachers in the keeping 
of records or the supervision of classes. The teachers however had 
the eedchee aide assist them with clerical duties such as collating, 
duplicating and distributing materials. 

With the above subsection that part of the questionnaire which 
dealt with matters relating to both the experimental group and the 


control group is concluded. The remaining part of the questionnaire 
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104 
applied to the experimental group only and reflected mainly the feelings 


and reactions the teachers had about the program. 


Reactions to the Experimental Method (Questions 33>to 55) 


In this section the teachers were asked to compare the experi-~ 
mental method with their regular classroom experiences. From the answers 
the teachers gave on the questionnaire the following Fobuies were drawn. 

The teachers found the experimental method aided them in getting 
to know their pupils better. They felt they were able to discover 
weaknesses of the pupils faster in the experimental setting. These 
two findings would indicate that pupils could be helped sooner to 
overcome their difficulties and the teachers would be able to start 
remedial work at an earlier stage. 

All teachers reported the experiences with the experimental 
method had influenced their regular classroom teaching. The teachers 
found they used a fair number of the ideas developed for the experi- 
mental method in their regular classroom teaching which indicates the 
teachers' regular classroom methodology had been affected. 

All the teachers reported they had become more aware of 
individual differences since becoming involved in individualized in- 
struction. As a consequence almost all of the teachers were trying 
to do more for the individual pupil in the regular classroom which 
seems again an indication of how the teachers felt the experimental 
program was affecting their regular teaching behavior. The foregoing 
reactions indicate a very positive feeling of the teachers about the 
experimental program. Therefore it is not surprising that all but 


one teacher indicated they had a definite preference for individualized 
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105 
instruction over the regular teacher taught class. 

The teachers reported that the experimental method permitted 
them to do more for the individual pupil; that they could do more for 
small groups of pupils who had common difficulties; and that they even 
were able to do more for a class as a whole. These findings were of 
course based upon the opinions of the teachers involved and hence 
are completely subjective. However in view of the heavy workload 
involved as pointed ais te ths discussion of the results on the log 
sheet, the above reactions are more commendable. 

What was the teachers! feeling about the affect the program 
had on the pupils? Once again a very positive result. Most of the 
teachers felt the experimental program did more for the above average 
and average pupil than did the regular teaching method. The majority 
even felt that the below average pupil gained more from the individu- 
alized program. The majority of the teachers reported also that 
individualized instruction did not slow the progress of the above 
average, average, and below average pupils. It must be reported here 
that the latter finding is not unanimously reported by the teachers. 
Some of the teachers felt the experimental method slowed the progress 
of the pupils. 

A noteworthy finding was related to discipline. None of the 
teachers reported that they found it easier to maintain discipline in 
the experimental Class as compared to the regular class. The majority 
claimed it was more difficult to maintain discipline in the individu- 
alized classroom and two reported they Fouad no difference between 


the discipline in the experimental setting and the regular setting. 
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The last two questions on the questionnaire were open-ended 
questions where the teachers were asked to list their likes and dis- 
likes. The writer will report the dislikes of the teachers with 


respect to the experimental program first, then the likes. 


Dislikes 

The teachers disliked the excessive marking and record-keeping 

- required by the program. Coupled with this was the great amount of 

time required for planning, i.e. departmental planning, team planning 
and individual lesson planning. It was not surprising to find these 
comments, for from the log sheet it became apparent that in these 

areas the teacher had to spend much more time than normally was required. 

Another area of dislikes was with respect to the work habits 
of the pupils. The teachers found the program tended to promote poor 
work habits in a number of pupils. They also found that the immature 
student took advantage of the situation and did as little work as 
possible. The immature pupil with poor work habits swayed easily 
those who seemed to have a little more responsibility. Coupled with 
the above complaint was the finding that many important skills were 
lost such as doing assignments well, neatness, and use of certain 
materials. The writer does not know what materials the teachers had 
in mind when they wrote this. 

The teachers disliked the noise level with which they had to 
work. This is an aspect of the program which cannot completely be 
controlled for pupil interaction was a part of the design of the 
program. Finally the teachers felt there was a lack of a general tea- 


cher-class rapport. The writer does not fully grasp the meaning of the 
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latter comment, for in section 10 of the observation schedule greater 
communication between the teacher and the pupil was shown. It is pos- 
sible that the teachers were referring to the fact that pupils were 
losing the ability to receive instruction from a teacher in a class 


Situation. 


The teachers liked the way in which the program facilitated 
pupil assessment. The teachers reported they had instant assessment 
of a pupil's progress which was supplied by the record page. They 
also stated they could thus identify the slow pupil quickly. The 
program facilitated the chance of getting to know the pupil and thus 
the teachers were able to evaluate the pupil more accurately. As one 
teacher put it: "It makes me more aware of the individual abilities, 
attitudes and interests of students within a given class." Another 
area of likes is the way the experimental program facilitated pupil 
progress. They liked the program because it did not hold up the fast 
student so he was able to move ahead and get some enrichment. The 
slow student also benefitted for he was able to get more help. 
Another area the teachers liked was the one of involvement. First, 
pupils were more involved in the teaching of the subject, for many 
acted as student helpers. Secondly, the team approach to the program 
actively involved the teachers which the teachers felt was a great 
advantage. The team approach made it possible to learn from others 
and to share ideas and burdens with others. Another reason for liking 
the program was that it promoted a development of responsibility in 


many pupils. 
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Finally the teachers liked the program in general for as they 
stated it "turned on" more pupils to mathematics than traditionally, 
which made for a better (happier) relationship between teacher and 


pupi ls r) 


Summary and Conclusions 


The writer set out to answer a number of questions. He is now 
atta rere to answer these questions, at least in part. In order 
to facilitate the making of the summary the writer has prepared a 
profile based on the observation schedule and the log sheet for the 
experimental groups and the control group.. The profiles appear on 
the next pages. 

To answer the question "What does the teacher do in the indi- 
vidualized instruction setting?", the writer has to point out that 
the answer has to be given in two parts. The first part deals with 
the teacher in the independent study class and the second part deals 


with the teacher in the teacher-taught class. 
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teache 

teacher 
teacher 
teacher 
teacher 


works example at board 
reads homework answers 
asks for answers 

Checks individual homework 
comments on homework 


pupil works example at board 


teacher 
teacher 
teacher 
teacher 
teacher 
teacher 
teacher 
teacher 
teacher 
teacher 
teacher 


teacher 


lectures 

uses board 

uses map, Chart, etc. 
uses object 

uses no material 
questions, pupil answers 
answers pupil's question 
ignores pupil's question 
refers pupil's ques. to class 
leads discussion 

reviews previous work 


reteaches 


pupil demonstrates at board 
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puasaqy 


pupil works example at seat 
pupil works example at board 
teacher explains 

teacher checks example worked 
teacher reteaches idea 
teacher helps individual 
teacher works problem 


pupil works example at seat 
pupil demonstrates at board 
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pupil helps pupil 

teacher questions, pupil answers 
teacher helps individual 

teacher works with small group 
teacher urges pupil to work 
studie reads at seat 
writes, manipulates at seat 


colors, draws, cuts, etc. 





Dupil 
pupil 
pupil 
pupil 
pupil 
pupil 
pupil 
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asks question, teacher helps 
uses hand out 


uses text 
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uses workbook 
helps 


teacher explains to class 
teacher checks problems worked 


Dupil pupil 
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4 - % class with teacher 

2-3 pupils in group without teacher 
pupil as individual 

4 pupils to % class with teacher 
2-3 pupils in group without teacher 
pupil as individual 

teacher moves freel 

teacher disciplines pupil directl 
teacher shows affection for pupil 
teacher shows hostility to pupil 
teacher yells 

pupil moves freel 

pupil shows affection for teacher 
pupil shows hostility to teacher 
pupil shows hostility to pupil 
pupil ignores teacher's question 
pupil scuffles, frets 

pupil whispers 

pupil laughs 

pupil leaves/enters room 

pupil is lost 

noise and time wasting 

pupil works at board 

teacher supervises test 

pupil writes test/quiz 

class marks/takes up test 

teacher ignores pupil's question 
teacher answers pupil's question 
teacher takes attendance 

teacher cleans board 

teacher disciplines 

teacher marks assignment 

teacher passes out material 
teacher works at desk 

teacher answers door/phone 
teacher leaves/enters room 
teacher writes on board 

teacher makes assignment 

eacher makes announcement 

pupil cleans board 

pupil passes out material 

pupil answers door/phone 
teacher tells pupil to help pupil 
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PROFILE BASED ON OBSERVATION SCHEDULE CONTINUED 
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teacher directs pupil to laboratory = ES 
upil uses puzzle/game mR 
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© stmt./100 min. 


teacher makes approv.,affec. gest. 7 Son ee 


teacher makes pupil Supportive state. ai 


teacher makes probl. struct. statement 
teacher makes miscellaneous statement 
stmt./100 min. 


dNowo 
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teacher makes directive stateme 

teacher makes reproving statement 
teacher makes reprov.hostile gest/loo } 
teacher asserts authorit 
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teacher makes pupil supportive state. 
teacher makes prob atemen 
teacher makes miscellaneous statement 
teacher makes directive statemep 
teacher makes reproving statement 
teacher reproves, hostile gest/look 
teacher asserts authorit 
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PROFILE BASED ON OBSERVATION SCHEDULE CONTINUED 
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ee 2 min/week 


test preparation 

test marking 

record-keeping 

departmental meeting 

esroup planning 
marking assignments 00 
preparing aids 

lesson planning 
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°% of cls. period 
teacher helps individual pupil 
pupil works at seat 
teacher supervises test 
teacher works sample 
teacher takes up homework 
teacher teaches entire class 
teacher teaches diff. ability groups 
teacher teaches small groups 
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PROFILE BASED ON LOG SHEET 
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The Teacher _in the Independent Study Class 

From the profile it becomes evident that the teacher in this 
class did not take up any homework, did practically no formal teaching 
and gave no directed eee The teacher used formal teacher directed 
grouping less frequently than informal grouping by the pupils. He 
addressed the class as an entire group only occasionally, usually to 
make miscellaneous statements such as announcements. These findings 
were in part supported by the results from the log sheet in relation 
to classroom activities. Next, the teacher did very little test super- 
vision. He was never observed cleaning the board and hardly ever seen 
using the board. He spent much of his time helping individual pupils 
and a little time with small groups. He could be seen at his desk 
quite frequently. The teacher moved about the room, but not as much 
as he normally would. The teacher disciplined the pupils either as 
individuals or as a class, but not excessively. It would seem disci- 
plining in the independent study setting was much easier than in the 
control group. This was deceiving for the teachers actually reported 
they found it more difficult to maintain discipline. Quite frequently 
he could be seen handing out materials, answering the door or phone, 
leaving or entering the room. The teacher in this setting also appeared 
to be a likeable person, for he showed a good deal of affection for 
his pupils. 

Outside of the classroom the teacher in the independent study 
class was busier than his counterpart in the control group. He spent 
a considerable amount of time each week in marking tests, keeping 


records, and planning. The teachers' reactions to the latter few 
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findings were also accounted for on the questionnaire. They expressed 
a definite dislike with respect to the excessive time required for 
marking, record keeping, and planning. 

The teacher in the individualized study group worked as a 
member of a team. 

The teachers' reactions to the program were generally favorable. 
Almost all of them indicated they preferred the individualized study 


approach. 


The Teacher in the Teacher-Taught Class 


In this setting the teacher's activities were rather restricted. 
The teacher in this setting lectured almost the entire period. He 
also used the question and answer technique during the entire period. 
His main teaching aid was the blackboard which was used continuously 
for the duration of the period. Several times during the period the 
teacher could be seen cleaning the board. For the entire period the 
whole class was in a formal grouping with the teacher. The teacher's 
remarks were almost entirely directed to the class as a group. These 
were basically the only behaviors observed for teachers in the teacher- 
taught class. The behaviors in this class were quite different from 
those in the independent study class. The only behavior that remained 
the same was his display of affection for his pupils. 

To compare the teacher in the experimental group to the teacher 
in the control group can only be done by comparing the teachers in 
each experimental group to the teachers in the control group. As the 
profiles indicate the teachers behaved differently in both of the 


experimental groups than those in the control group. Even the pupil's 
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behavior was different in many cases. In the independent study class 
the teacher appeared to have been in the background, while in the 
teacher-taught class he overwhelmingly was the dominant figure during 
the entire period. The teachers in the control group fell mainly 
between the two experimental groups as far as their behaviors were 
concerned. 

The teachers in the experimental group worked and planned as 
a team, whereas the control group worked and planned as individuals. | 
The workload was considerably heavier for the experimental group than 


it was for the control group. 


Conclusions 

The conclusions will be based on the results obtained from 
the data and, to some extent, the discussions that were held with the 
teachers during the experiment. The conclusions will be stated in 
terms of what was required of the teacher, the facilities and will 
be given under the following categories: the teacher, workload, 
teacher-aide, facilities, instructional mode, discipline, and team 


membership. 


1. The Teacher 
The teachers had to be fully aware of what exactly was expected 
of them. They had to know the purpose of the independent study and 
the teacher-taught aspect of the program. ‘The teachers had to know 
how to use the materials and what the purpose of the materials was. 
The teachers in the experimental program were very positive in their 


dealing with the pupils and were able to establish a good working 
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atmosphere. The teacher in the experimental group acted mainly as 
a resource person and a diagnostician. He expected the pupils to 
progress at their own rate. The teachers reported that they were able 
- to get to know their pupils quicker and hence were able to do more 
for each individual. The noise level was higher faethe independent 
study class than the teachers working in this setting were used to. 
It hindered them somewhat but they were able to cope with the noise. 
The teachers of the individualized instruction method had to guard 
against: the development of poor work habits of the pupils; the loss 
of the skill of doing neat work; the doing of assignments poorly; 


and the improper use of instruments. 


2. Workload 

The teacher in the individualized program had a heavier work- 
load than normally was the case. ‘This load existed in spite of having 
all the materials prepared for him, of having all the tests prepared, 
of having pupils help pupils, of having a teacher aide supervising 
the testing program, and of not having to spend any time on checking 
homework. Much of the workload was caused by the heavy marking schedule 
of tests and the extensive record-keeping involved in the experimental 
program. Planning also required an excessive amount of the teachers! 
time. In the classroom the teacher was kept busy handing out materials, 
helping individual pupils and helping small groups. Some of the ex- 
cesses will disappear once the program has become established, but 
teachers could never be expected to develop a program of this nature 
without the assistance of a team of writers and researchers or without 


adequate release time from teaching duties to do the research and 
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1h 
development. The latter statement was based on the experience the 
writer had with the development of the materials of the program used 


in the experiment. 


3. Teacher Aide 
The teacher aide took quite a burden off the teachers’ shoulders. 

She supervised almost all of the testing and did all of the collating, 
duplicating, and much of the distributing of the materials prepared 
by the teachers. The teacher aide did some marking of tests also, 
but not to any great degree. The teachers had the assistance of one 
teacher aide in the mathematics department for one half day each day. 
The teacher aide did not do any of the record keeping, which she 


could have done if she had had more time. 


4. Facilities 
It appeared that one large area was required for independent 
study plus three additional rooms: one for small group instruction, 
one for testing, and one for the teacher-taught class. The facilities 
used in the study were not quite adequate which resulted in a class- 
room being without a teacher most of the time. The latter caused 
the other teachers to leave their own rooms frequently to check on 


the room which was without a teacher. 


5. Instructional Mode 
The teachers had to be able to work mainly on a one-to-one 
relationship with pupils or in small group situations. Whole class 
instruction occurred only in the teacher-taught class. The teacher 


was a diagnostician in that he used the post-tests to determine a 


S- 






















ai cial ms PAS # a 
a3 soneirsaxs att no beesd eaw JnemsI532 tein! ort .smemorsve 
ia 
beau matgoxq afd do eisitetam els: 20 snamole pvab! ofa’ Attw bart rat? “a 


Ste ot) en 


@ 


ie | , Ioomt+eqxs ‘ony vt 


| 

bs 

th werl t 

. Wl a SBDtA IS osaT ef 
ee ee - e 





’ fuode ‘arad ‘¢ lio nebxud s stiup Aco? sbis tendose3 oat 
: - 
tyalls a: is bib baa anttest oft to Iie Jeomls beet vreque: 
; ¢ Prete Hi to enksudixieib af3 Jo daum bas .gniseotl 
4 
,o2ls6 | yam C Hiv bis wsdossi sii exsrloaet 


Fe , : ioe clk 2 ee ied ie tt & wot} 
5 | ineamyyadsD BO 2amenlsem.So4 oir sos 
: 
, 
tcaeod bréee7 edd io yma ob dom BID gble 
P 1 " ry ‘. . - - fue > 
.std sxom bad bed ade 2t anob oui bl 
’ : i 
3 
t 4 we x | 
esitd Lf96% 
oe 
— 


fol bertupet BaW s8%e 9B78. ano Jada betseqqs 31 oe 
suszent tg {ioame 167 eno :gmonr Imneljtbba sexs sui ee 


eitiiltosl aril enld tdavasi=-reiiose) af2 202 ano bra gk tee3 


-easio s nt bedives: dotrw otsupebs asinp Jom @raw ybuse oi nt beay 








» 193th erT. are eis 210. taom xteloaes 6 suodatw gat 


be > 


gonad arse 


2 


awe xteda sveol of ez 


¢ Paling ’ 
Ty ene = ere 





i Ba, | 


118 
pupil's source of difficulty and to assist a pupil accordingly in his 
learning experience. The method of individualized instruction was 
useful in that the teachers were able to do more for the individual 
pupil and small groups. They reported also that they were able to do 
more for a class as a whole. The method was also useful in that it 
permitted the teachers to use a greater variety of teaching methods. 
The teachers were able to use ability grouping; small group teaching; 
individual pupil teaching; and the whole class teaching approach. 


The teachers were able to use the team approach too. 


6. Discipline 

The nature of the program permitted more pupil interaction 
and more pupil movement. This required of the teachers a keen sense 
of control. First, the control of the noise level; second, the 
control of fraternizing and wasting of time; and third, the control 
of pupil movement. In each of the cases cited the teacher had 
to know exactly when to interfere and when not to interfere. Thus 
the teacher had to have excellent discipline established. From 
the observations it appeared ehae it was easier to maintain the 
discipline in the experimental program, but the teachers reported 
it to be more difficult to maintain the discipline in the independent 
study class. From the foregoing it would appear that a teacher should 
have experience in order to be successful in the experimental program. 
In a meeting with the teachers it was suggested that a beginning 
teacher gain experience in a regular classroom first, so that he 


would know how to handle discipline. 
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7. Team Membership 

The teachers had to be able to work as members of a team. They 
planned together each unit of instruction as to the teaching strategy 
and use of materials. The teachers worked as a team when teaching and 
assisted each other in the supervision of their classes. The teachers 
mentioned in a meeting that it would have been impossible to see this 
experiment through if they had not had each other's shoulders to cry 
on. In this meeting it was also suggested that criticisms, suggestions 
and disagreements were part of a new approach, but that no matter what 
the controversy the teachers had to be able to shake hands afterwards. 
Hence a teacher must be able to be a consistent and dependable member 
of a team. 

The foregoing conclusions have some support from the yet 
scant information available from other experimental programs using 
individualized instruction. Among these programs are IPI, Individu- 
ally Guided Learning and Project PLAN. Also Bloom has given sug- 
gestions which agree with the above conclusions. The references made 


in this paragraph will be handled in more detail in Chapter VI. 
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CHAPTER VI 


INSTRUMENTS, INDIVIDUALIZED INSTRUCTION, 


TEACHER TRAINING AND FURTHER RESEARCH 


Aim of the Study 


The purpose of the study was threefold: first, to describe 
as completely as possible the teacher's role, both in class and out 
of class, in an individualized instruction setting; second, to develop 
suitable instruments for the collecting of data necessary for the 
description of the teacher's role; and third, to make a comparison 
between the teacher's role in the individualized instruction setting 
and the teacher's role in regular classroom instruction setting. Due 
to shortage of resources, the instruments were not rigorously piloted. 
Therefore any attempt at a reliable statistical analysis on the batt 
gathered with the instruments would be difficult to justify. Yet the 
writer felt the instruments were adequate to fulfil the aim of the 


study. 
THE INSTRUMENTS DISCUSSED 


The discussion in this section is primarily for the benefit 
of those who might wish to use an instrument similar to the ones 
used by the writer. The discussion will be in relation to the obser- 
vation schedule, in the main, and only a brief reference will be made 
to the log sheet. 


The observation schedule was helpful in recalling what occurred 
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124 
in a classroom. The instrument did have some shortcomings which should 
be pointed out to anyone who might wish to use it. The first is the 
lack of any categories referring to the pupils using audio, visual 
or audio-visual aids. The writer can foresee the case where in an 
individualized instruction program pupils will be using slides, films, 
transparencies on an overhead projector, tapes, or even video-tapes. 
The instrument did have categories in the "formal teaching” section 
referring to the teacher using the above mentioned audio-visual aides. 
The categories referring to the use of teaching aids by the pupils 
should be included in the "laboratory" section of the instrument. 

The writer feels that future observers are most likely to encounter 
the use of the above mentioned aids by pupils in a laboratory setting. 

The second abo eaa boris oot nt of the instrument is in section 
10 where the affective teacher talk and actions were recorded. The 
classifications in this section are too broad. The writer has found 
that the original designer of the OScAR instrument has attempted to 
refine this aspect of the instrument so that there are now about 52 
classifications in this section which he was planning to pilot 
(Medley, 1966). The writer does not know if the new format proposed 
by Medley has been finalized as yet. 

The third major shortcoming of the poecaeoenn is the same as 
the one reported for the OScAR instrument. None of the categories 
of the Observation Schedule refer to the content of a statement or 
the quality of a statement or action, for instance, the teacher ee 
"What is the product of 2 X 2?" The instrument simply showed this as: 


teacher asks question, pupil answers. There is no classification as 
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to the appropriateness of the question or the quality of the question. 
Neither did the instrument indicate if the answer given by the pupil 
was correct or incorrect. In other words the instrument is void 
of any evaluation of cognitive behaviors. 

The above mentioned shortcomings of the Observation Schedule 
did not interfere with the purpose of the study. The writer did not 
intend to evaluate; his purpose was to describe what occurred in the 
classroom using the individualized instruction method. The reasons 
the writer has confidence in the instrument are two-fold. Pirst., 
the Observation Schedule shows internal consistency, i.e. when a teacher 
is lecturing (category 2.1) he will be making problem structuring 
statements (category 10.3). The two categories should show similar 
magnitudes in their scores, which indeed occurred. The reader can 
verify this by referring to the profiles on page 109. Similarly 
when a teacher is lecturing he will have the class grouped as a whole 
unit and hence the category referring to this should show the same 
magnitude also (see category 8.1). Again the writer found this category 
to be consistent with the previous two (2.1 and 10.3). Second, the 
Observation Schedule showed consistency in relation to the log sheet 
on items which were common to both instruments. For instance, the 
control group reported on the log sheet that they taught the entire 
class for 40% of the class peniae and the observer noted that these 
teachers lectured and used the question and answer technique for 407% 
of the time. 

Finally, the writer wants to refer briefly a the use of the 


five minute intervals at which observations were made. The notion 
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of the five minute interval was adopted from the findings of Medley 
and Mitzel (1958). It is difficult to score an instrument with such 
a large number of categories in much less time than five minutes. The 
notion of the technique of scoring used was based on the sampling tech- 
nique used for statistical purposes. Medley and Mitzel (1958) found 
that using any observation technique, including the OScAR, would produce 
an almost perfect record of what actually took place in a classroom 
whenever twelve or more classroom observations per teacher were made. 
It was on the basis of the findings by Medley and Mitzel that the 
writer elected to use the five minute interval. If the length of the 
interval were extended beyond five minutes the danger of missing too 
many activities of a short duration would increase considerably. 
Hence an inaccurate sample would be obtained. 

The log sheet not only showed consistency with the Observation 
Schedule, but it showed internal consistency as well. The latter can 
be shown by considering the following: the time a classroom teacher 
has available to deal with small groups or individuals must be equiva- 
lent to the time that the remainder of the class is working at their 
desks. For both the control group and the experimental group the 
example mentioned works out to within a few minutes. For example, 
the experimental group reported that the pupils worked at their desks 
for about 65% of the class time. At the same time they reported that 
they helped individual pupils for about 35% of the class time; that they 
taught different ability groups for about 15% of the class time; and 
that they taught small groups for about 12% of the class time. The 


last three percentages added up to 62% of the class time, which was 
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very close to the 65% figure reported for pupils working independently 
at their desks. It was the two consistencies just mentioned which 
gave the writer the confidence in the results obtained by the log sheet. 

One aspect of the log sheet which will need further research 
to improve its statistical validity, is the length of the time inter- 
vals used. There was no evidence available to the writer which sug- 
gested the desirability of the chosen intervals. These were adopted 
arbitrarily by the writer. When used as a sampling technique it 
appears that the length of the interval used might be satisfactory 
provided a large enough sample was taken. For the purpose of this study, 
the interval used appeared satisfactory because the writer was able 
to find results similar to the ones obtained on the log sheet with 
another one of the instruments used in the study, the Observation 


Schedule. 
INDIVIDUALIZED INSTRUCTION SETTING 


In the previous chapter the writer attempted to describe as 
completely as possible what he believed happened in the experimental 
classroom. On the basis of that description he drew a number of 
conclusions which were substantiated at that time. In the present 
section the writer wishes to elaborate on some of the points raised 
in the previous chapter. 

From the conclusions drawn in Chapter V it becomes apparent 
that a teacher has to acquire certain teaching characteristics in 
order to be successful in using the individualized instruction method. 


The teacher plays a role in the individualized classroom different 
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than the role of the teacher in the regular classroom. The teacher 
in the individualized classroom is a person who believes firmly in the 
specific needs of each individual, for he believes that each individual 
should progress at his own rate in a subject. The teacher using the 
individualized method must be very positive in his comments and dealings 
with the pupils. He is an encouraging and reasonably friendly person, 
The teacher's basic role is one of directing, assisting, advising and 
diagnosing. The task the teacher faces is one of challenging and en- 
couraging pupils Pareaci ant so that the pupils will continue to work 
to their Capacity on their own. He has to be capable of dealing with 
pupils on a one-to-one basis. The nature of the program makes it pos- 
sible for pupils to work together and to move about freely. Hence 
the teacher has to have an excellent discipline and a keen sense as 
to when to curtail pupil movement, pupils working together, and the 
loudness of the pupils' discussions. Therefore the individualized 
instruction method places a greater sense of judgment on the shoulders 
of the teacher, which in turn permits a teacher to be an individual 
in his own right. 

Individualized instruction permits the use of a variety of 
teaching techniques. The pupil can be taught on a one-to-one basis, 
in a small group session, in a regular classroom session, and a straight 
lecture setting. In any one of these approaches a variety of teaching 
aids can be employed. Hence the teacher must be skilled in a variety 
of teaching techniques and in the use of a number of teaching aids. 
The teacher must, therefore, be able to decide which teaching method 


and which aids to use when, where, and with which pupils. Bloom (1968) 
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suggested similar ideas to those expressed in the preceeding paragraphs 
of this section. 

The teacher's role in the individualized instruction method is 
a demanding one in terms of talent and time as well as tact. Facilities 
would make a good teacher more effective, but are not essential for 
the success of the program. The genuine interest of the teachers in 
providing the best instruction possible for each individual pupil is 
more important than the facilities. The experiment, on which this 
thesis has been based, was not conducted in an ideal setting as far 
as facilities were concerned. The adequacy of the facilities fell far 
short of the ideal. However one external aspect about the experiment 
which was important to its success besides the crucial role the 
teacher played was the administrative accommodation of the program. 
The administration of the school had scheduled the five teachers into 
the same time slot for grade seven mathematics and had placed the teachers 
in adjoining rooms. Also the conference room and a storage space were 
made available for the use of the experimental program. The administra- 
tion of the school had attempted to facilitate the program in every 
way possible. Each innovation in teaching brings its own administrative 
problems and individualized instruction is no exception. To insure 
optimum results proper administration is essential. The reader who is 
interested in this aspect would perhaps like to refer to the findings 
of the study conducted in Wisconsin under Klausmeier, where an attempt 
is made to develop an administrative design which will facilitate 
their program of Individually Guided Learning (Klausmeier, 1969). 


Another aspect of the teacher's role in individualized instruc- 
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tion needs emphasizing. From the study it became clear that the 
teacher had to be able to work as an effective member of a team. The 
program required a number of teachers doing different aspects of the 
method simultaneously, for example one teacher would be handling a 
teacher-taught class, while the others dealt with independent study 
classes. The division of labor was determined within a team and plan- 
ning therefore was done on a team basis. The team approach made it 
possible to use effectively the best talents each teacher possessed. 
It also provided the necessary support and encouragement as well as 
a great learning situation for the teachers. 

From the experience with the experiment it has become abundantly 
clear that a teacher carrying a full teaching load can never hope to 
develop an individualized program of the nature used in this study. 
The implementation of a new program alone requires more out-of-class 
time than a regular teaching program does. This showed clearly on the 
log sheet where the experimental group reported 70 minutes per week 
per teacher more out-of-class time than the control group did. It 
appears that two alternatives are available for any group of teachers 
wishing to go into a program of individualized instruction. Either 
a team of writers and researchers is assigned to them or sufficient 
Support staff and release time is made available so that the teachers 
themselves can do the development and research. From the experience 
the writer had in relation to the preparation of the materials for 
the experiment it is safe to say that the more time available for 
development and research the better the materials will be. The role 


of the teacher remains important however even if a team prepares the 
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materials. The suggestions from the teachers are vitally important 
from the standpoint of suitability and proper development of the topics 


in the materials. 
INDIVIDUALIZED INSTRUCTION AND TEACHER TRAINING 


To start a new program teachers have to be trained in its use. 
For existing staff inservice training is normally used and new staff 
is generally prepared in the teaching method in teacher training 
institutions. In this section implications for inservice training 
will be considered first and then implications for teacher training 
programs will be considered. 

The manner in Hi ail the experiment came about, from the 
discussions which were held with the teachers, and from the findings 
of the study it would appear that the preparation by the teachers of 
a simplified unit for individualized instruction is perhaps the best 
form of inservice training to be used. The teachers developed an ex- 
cellent insight into the philosophy of the program and were capable 
of handling the more complex approach used for the experiment. From 
the questionnaire it would appear that whenever the classroom behaviors 
of a teacher are to be changed it is best to involve the teacher actively 
in an experimental program using the desired behaviors. All the 
teachers indicated on the questionnaire that the experimental program 
affected their regular classroom teaching. They reported that they 
adapted a number of ideas developed in the experimental program. Yet 
by far the main requirement is that the teachers are keenly interested 


and have a vested interest in the program. So the inservice training 
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program should start with introductory meetings and then those teachers 
who show a genuine interest should be selected for the preparation of 
an experimental unit, which will be used by the teachers themselves. 

The program of individualized instruction requires a variety 
of teaching modes and teaching skills. The teacher training institutions 
basically are concerned with imparting the philosophy of a program, 
the substance of the subject, and the training of the student teacher 
in the use of the appropriate teaching skill. Thus any program of 
teacher training will have to have a section on the philosophy of 
individualized instruction which perhaps best could be imparted by 
having pupils develop a simple program. The program of individualized 
instruction permits each pupil to progress through a course at his own 
rate and at his own level. A teacher teaching in this setting can 
no longer prepare himself a week in advance. He has to know exactly 
every aspect of the course and has to know precisely what each level 
of ability requires for each topic of the course. It would appear 
that a teacher using individualized instruction has to be thoroughly 
familiar with the structure of the course and hence would need a thorough 
training in the structure of a course, if not more thorough than at 
present is being given for the regular teaching program. The teacher 
coming into an individualized program has to be familiar with at least 
three teaching processes. He has to be able to teach (or tutor) 
successfully on a one-to-one basis, for much of his teaching effort 
will be at this level. The present teacher training programs put their 
major emphasis on large group processes and hence ill prepare a teacher 


for the one-to-one process. The teacher also has to be skilled in 
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the small group process and finally he needs skill in large group 
instruction. The use of laboratory techniques is another aspect of 
individualized instruction which was not explored in the present study 
mainly due to lack of equipment and preparation time. The teacher of 
the future however should be able to use this technique successfully. 

The foregoing discussion has concentrated mainly on skills 
needed by a teacher using a method of individualized instruction. 
Each of these skills was required in the experiment on which this 
study was based. The role of the teacher in the individualized 
instruction program also requires other skills of a teacher. The 
teacher must be able to diagnose well the needs of each pupil and must 
be able to direct each pupil's learning activities in such a manner 
that every pupil achieves to the best of his ability. In other words 
the student teacher must be trained in diagnosing and prescribing 
(to strike a parallelism with medicine). Programs of individualized 
instruction have been developed around this central theme. The IPI 
program as an example uses this as its main theme of instruction 
(Scanlon and Bolvin, N.D.). Also Bloom (1968) refers to this as a 
central part in individualized instruction. Finally the new teacher 
should be thoroughly trained in group dynamics, because the program 
of individualized instruction used for this study required teachers 
to work and plan as a team. In these circumstances a teacher has to 
know how to act as an efficient member of a team and how to get along 
in a team situation. 

Many of the points raised above are being considered presently 


in the teacher training institutions. Yet the writer feels that perhaps 
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a greater emphasis on excellence in these aspects are required. The 
new teacher has to be skilled in a number of areas, each of which, 
up to the present time, were considered to be a part of a certain 
teaching technique and this single teaching technique was being 
emphasized. It would appear that a teacher needs to be trained more 
as a generalist as far as different teaching techniques for his 
subject area are concerned. The reader will find that most of the 
points mentioned in relation to teacher training also have been mentioned 
by Southworth (1968) in his model for a teacher training program for 
individualized instruction. 

The method of introducing a new teacher into an existing program 
of individualized instruction has to be considered carefully. The 
administrative organization used in the "multiunit™ school as developed 
in Wisconsin (see Klausmeier, 1969) made provision for the introduction 
of a new teacher into the teaching program. It is a form of internship 
which might be a good alternative to the one suggested by the teachers 
involved in the experiment, reported in this thesis. In Wisconsin 
the new ee chee is made a member of a team or "group" of teachers 
which is under the leadership of a master teacher. The teachers in 
the experiment suggested that a new teacher be placed in a regular 
classroom for a couple of years before entering into an individualized 
teaching program. Yet it is possible that the regular classroom, as 
it is known now, will no longer exist in the future. Then a form of 
interning might be necessary. If a program of extended internship 
came about, the teacher training institutions would possibly be 


affected in their training programs. It is difficult to foresee at 
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present what specific changes in their programs would be necessary, 
but the advent of individualized instruction might very well require 
a complete change in the role of the teacher training institution. 
Instead of preparing teachers to work independently as a qualified 
teacher the preparation might be theoretical only with the working 


skills being developed in an intern setting. 


TOPICS FOR FURTHER RESEARCH 


A number of areas have been touched upon in the description 
of the teacher's role. The introduction of a program of individualized 
instruction in a given subject area may have many far-reaching effects 
upon other aspects of a school. It definitely concerns the admini- 
stration of a school, because the administration has to timetable 
certain teachers in a specific manner and because of the program certain 
space allocations may have to be made at the same time. In the experi- 
ment five teachers were scheduled to teach the same subject at the same 
time in adjoining rooms. Many questions related to the just mentioned 
arrangement remain unanswered. Questions relating to the role of the 
teacher, the number of teachers needed, and school facilities need 
to be answered. Further experiments will have to be conducted to 
determine the conditions which are necessary for individualized 
instruction to operate efficiently. This research could perhaps be 
organized under three different headings: the teacher's role, school 
organization, and school facilities. 

In relation to the teacher's role it is necessary to examine 


which personalities are best suited for individualized instruction 
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and what variety of personalities make up the best team for individ- 
ualized instruction. Immediately related to this is the format of the 
materials which are used for individualized instruction, because each 
format will place certain restrictions on a teacher's role. 

Another broad area of study related to the use of individualized 
instruction is in relation to school organization. It has to be 
determined what the optimum number of teachers per team should be 
in order to make individualized instruction as efficient as possible. 
It has also to be determined which organization of pupils is best: 
gradedness or non-gradedness. Another problem which needs research 
is to determine if teachers should work as subject area groups, i.e. 
mathematics, or if a team of teachers should handle a group of sub- 
jects, i.e. mathematics, science, English, and social studies. 

Finally, school facilities are to be considered. It has to 
be determined which facilities will be the most conducive to the 
individualized teaching method. It is necessary to determine if a 
group of adjoining individual classrooms is better than a large open 
area combined with a number of small adjoining rooms of various sizes 
OF Vice Versa. 

The ideas mentioned for research in the preceding three 
paragraphs should however not be studied in isolation but should 
be examined in relation to each other, because each area influences 
the others and in part determines the others. Hence a large scale 
study involving a large number of teachers and various school settings 
would be required. No doubt the writer has overlooked many areas. 


As for the role of the teacher in individualized instruction the number 
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of variables to be considered are innumerable. Even if one lists 
such broad categories as learning styles, teaching styles, subject 
matter, motivation, the list is lengthy and still incomplete. To 
relate the variables to the role the teacher would be expected to 
play boggles the mind. At least the writer appreciates and sympa- 
thizes with the feeling expressed by the poet, A. A. Milne: 


Halfway up the stairs 

Isn't up, 

And it isn't down. 

It isn't in the nursery, 

It isn't in the town. 

And all sorts of funny thoughts 
Run round my head: 

It isn't really 

Anywhere! 

It's somewhere else instead! 









TP. . 
pei , a F 


neva eldsrecunnt sie bereb bienod od oF soldatsay 20 


aolyje aniaxeol 3 as Rott0ge3B9 beoxd. ove 


uw +¢ f } {ry 7 fa wi 
| OL oi > ‘ety 3 gnirnoses « 
5 ‘ — w" . ey +5 z 5 
of .odesiqmoont [ft3e bas ydsgnot ef set sine 
3 » :.. a f or = 
ot baton xd bluow ztedoses edd. olor ait, o3 dsiisy d3 aipher: 


bake eft eolagod valq 


9 — or 


<7 


qs 








i : oe _ 

; fs , i Co BIBLIOGRAPHY 
ates. 6 x. 

Bales, Robert F. and | lene ry serprends, "The Inter action Racor: 


y 


y ap ‘Apparatus’ and Cheek: List tn ~Sjuanitial Content nalys is 
ay o£ Social Interaction,” Puan Relations, Vol. 1b (oven: 
7 . 


- 19¢ 43) > PP. 4 S646. ; Am mre 4, Se Set a dn gr j | 
7 + 


: Bloom, Benjamin $.. “Leerris ox Maetery”, UWLA Education Came: 
- . ‘ see tee ad i | 
- Vols ly No. %, (Mey. 1902) ; 

Ps oe 4 % ao Mall * : 


“Bolvin, Jim t., “Ladividy 








~ftu) LGUALLy rs cri In iT. 0 : 
’ 
, — : = + a ie - a ; ; 
F Orgahieation and Research Find 2 Individua d 





? Eidmont - ae es ta, sastindy 1970), Pps 121 W142. oe. 7s 7 hie 
al - a | 

: Lindvall, ¢ mrioul 

Ak > 4“ ". Projects: Seams? The 
ae 7 


’ <— e 


we 
, ©) —G sae D7 











pe a 


eM 











136 
BIBLIOGRAPHY 


Bales, Robert F. and Henry Gerbrands, "The Interaction Recorder, 
An Apparatus and Check List for Sequential Content Analysis 
of Social Interaction," Human Relations, Vol. 1 (November, 
1948), pp. 456-463. 


Bloom, Benjamin S., "Learning for Mastery", UCLA Education Comment, 
Vol. 1, No. 2, (May, 1968). 


Bolvin, John O., "Individually Prescribed Instruction -- Curricular 
Organization and Research Findings," In Individualized Curriculum 
and Instruction, Proceedings Third Invitational Conference on 
Elementary Education, ed. K. Allen Neufeld, Department of Elementary 
Education, the University of Alberta, Edmonton, Alberta (June, 
1970), pp. 106-120. 


Brown, C.K., "Pupil Personality, Teaching Style and Achievement," 
unpublished doctoral thesis, University of Alberta, Edmonton, 
B90; 


Deep, Donald, "Changing Role of Teachers", Pennsylvania School Journal, 
Vol .n116, No. 2... (March. ..1968).. 


Flanders, Ned A., "Analyzing Teacher Behavior," Educational Leader- 
ship, Vol. 19, (December, 1961), pp. 173-180. 


Glaser, Robert, "The New Pedagogy," Working Paper 1, Learning Research 
and Development Center, University of Pittsburgh, November, 1965. 


Hughes, Marie, Development of the Means for the Assessment of the 
Quality of Teaching in Elementary Schools, Salt Lake City: 


University of Utah Press, 1959. 


Klausmeier, H.W., "Administrative Organization to Facilitate Individually 
Guided Education -- Recent Research and Development," In Indi- 
vidualized Curriculum and Instruction, Proceedings Third Invita- 
tional Conference on Elementary Education, ed. K. Allen Neufeld, 
Department of Elementary Education, The University of Alberta, 
Edmonton, Alberta, (June, 1970), pp. 121-142. 





Lindvall, C.M., "The Task of Evaluation in Curriculum Development 
Projects: A Rationale and Case Study," The School Review, 
Vol. 74, No. 2, (Summer, 1966), pp. 159-167. 


Lorincez, Lou, "Proposal for the Implementation of a Self-Study Program 
in Chemistry 30X," SCAT Bulletin, Vol. 8, No. 4, (June, 1969). 


Mager, Robert F., "On Project PLAN," American Institutes for Research, 
Palo Alto, California, (August, 1967). 






























« - 
y ' 
- 7 a 
i 
i : ap 
Asoc a ee 
- - _ 
viet «A ~/% Th i” iy a vA 
Arte AIS deh Sa : 
‘ zi : q - 
aq 2 
cabvopes noltoszeinl ofl” .ebnasudtad yares bis »" Frodo eels. 
. ‘.) teab4travese 10 sab sloaet’ brie & suderaagA nak . 
4 : ol z 7 a ssfit iti mot; 9aTS gal s tat 902 to . 
| . : ‘ ; : TAA AG 
» CAS ar Se 
= 1 
‘ € 2 f Oy co 7} t 4“ ca, " - 
: 18765 a ¢ 
: < ui VAM) « 
s hs J 
‘ bodixdao’ rid vibal 
F ey ie 8 Geo? May 
, -. ; ' ~~ 4 | m 
a - -~ 
| ~{ me te ; 
: d vin} ens pearreiner ts 
= ff roi} i Td e (OVel 
‘ 
m . ° a 
: wii ignoeyet Chqut™ ..«AeJ 
~ ‘ 
r bi ij Istots0b barelidugn 
. = ; : eae 
* Liha 
fr 4o of raf" ,bfanod 
ty uy > & 4 
= Te j P - j t sift * Lo 7 
a 
. eo : fh ‘tt Bf rsyl § wif ™ ‘ poh b: py — 5 i 
5 rs +) 
; 5i , todmeo od) vi i « toV aie a 
F. ntl ‘ itt “ a Ase 
r tavoW “ . ygoRrapst Wer ef Ee aredox 92 
i? : a : “ , ~ a, 
wpa? so vilexevtiall  redne) seamgofeved baa- 
: y } te 7 , > a, 
ats to teamaolsved .oi ram +29) 
7 - : e = : ‘ 2 mas oes ~ roe = sabre an ee o- al a >a - 
{ Ce ninemald Al enidoss? to ystiago” 
y ~ al be ‘ - 4 v . - ee eat Ce V oReowr 
é tu ot : U 20 vitexe ky 
nytsstinag1O gvidetigiaiabA” ..W.H ion 
‘ ‘ eu 4 § : 
’ fo tase: $i trraoak ow pert ‘tyD 
: Jvte9e3 JfH ‘ ; ‘ bob 
a3: bitik Dox bas muluot yxy. bes i laubly : 
4 . . A NL A TN EA aoe r 
Bistuel nella ot < nod vesineme. 2 no eonereine! f Tanols mia 
e — i ’ a * s Ls 


, 

9 be / ( 

%o vaievevial ofl .notjsovuba Yigtnemela to jnemiteqs Ges 
aw “ = 7 ; ‘ P : ; wile id . Sad F "aia , “eS 

y r 7 Td Se! Ani 4 qc: « (over «anu ws 4 ed IA Me Snombs 






es > 






+ Aas. adT" 4.Mi2 oI 


137 


Medley, Donald M., "Experiences with the OScAR Technique", Journal 
of Teacher Education, Vol. 14, (September, 1963), pp. 267-272. 


Medley, Donald M., "Studying Teacher Behavior with the OScAR Technique," 
Far West Lab for Educational Research and Development, Berkeley, 
California, 1966, Eric #ED 024 659, 


Medley, Donald M. and Harold E. Mitzel, "Measuring Classroom Behavior 


by Systematic Observation," In Handbook of Research on Teaching, 
ed. Nathaniel L. Gage, Chicago: Rand McNally and Company, 1962. 


Mitzel, Harold E., "The Impending Instruction Revolution," Phi Delta 
Kappan, Vol. 51, No. 8,) (April, 1970).. 


Mortlock, R.S., "Provision for Individual Differences in Eleventh 
Grade Mathematics Using Flexible Grouping Based on Achievement 
of Behavioral Objectives an Exploratory Study," unpublished 
doctoral thesis, University of Michigan, 1969, pp. 58-94, 204. 


Naciuk, William, "An Analysis of the Effectiveness of a Methods In- 
Service Program for Certain Teachers of Mathematics 20," 
unpublished master's thesis, University of Alberta, Edmonton, 
1968. 


Nelson, Lois N., "Teacher Leadership: An Emperical Approach to 
Analyzing Teacher Behavior in the Classroom", The Journal of 
Teacher Education, Vol. 17, (Winter, 1966), pp. 417-425. 


WoL 

Oreberg, Curt, "Individualized Mathematics Instruction (IMU)," 
School Research, newsletter National. Board of Education, Stock- 
holm, Sweden, 1968. 


Patterson, R.S., "Case Study: Progressive Education," unpublished 
paper delivered at a lecture at the University of Alberta, 
Edmonton, Alberta, (Summer, 1969). 


Phi Delta Kappan, "Wraps Off Project PLAN", news item in the Phi 
DeltatKappan, Vol. ol, ‘NosS, (April, (1970). > po. 456, 


Rosenschein, Barak, "Interaction Analysis: A Tardy Comment," Phi 
Delta Kappan, Vol. 51, No. 8, (April, 1970), pp. 445-446, 


Scanlon, R.G. and J.O. Bolvin, "Introduction to Individually Prescribed 
Instruction," Brochure of the Learning Research and Development 
Center, University of Pittsburgh, Pennsylvania, N.D. 


Shaver, James P., A Study of Teaching Style: The Investigation Through 
Systematic Observation of the Ability of Experimental Teachers 


to Conform to Two Models of Teaching, Cambridge, Massachusetts: 
Harvard University Archives, 1961. 


\ 
; 
; & - , 
L fi 
¢ 
- ‘ 
. aft 
RAsdS > 
t ¢ 
3 - i} 
i C 
ic 
cane 
t 
‘obo, , 
; 
- 
4 { € 
; 
' 
Ac 
Pri ~ 
. 

















Hoon tatool 7. oi }o 1 i3ziw geonatisd xa i eo piarod ccotbomt 
he F ’ F V or ee ov b 9 me xerigast 30” ite ie 
" os 


j 
t Pino os 
by . » , . 
j ft 
r * Le § 3Q 
¢ \ 4 AGW » = UY ” aeons tame 


yal i : i EY ti 7 yoros wT or i “bu - - KM rene © 
| + Atvaseall Ienoideseba Yo’ + dal taoW ts 


ae “ AA " > 
., Pi $0 dae oie ,d0e! eplermt ited 
uae ; 
7 e af x = ‘ 
-¢ i ; i “ o107 iH By > «fh bisnod eet ba 
) : \ 
ry) * sottgavised? oljsseme seve ed 
re + Vw ten dealt ‘ 
{ Ore Ee | Ones no € 725 > ow ij acy oo avi f 4 
. i iA an 
*¥ wry § ' AY oe 4 ia 
jr ri ont brodqeal- eit’ cud biowtnz , lest 
7 ra . i «i? oc Or , 
I esis + 2? » OF mr: . LOY iTSIGBA 
7 ~ t - ’ 
. g 7 4 ‘ Serpe aetd OF > am 
; a“ [ yf f Pry. rot MOrervogty y+ Gut 9h 
e us -_ 
‘ velt gotel sesitnmorngan 908 
~ » ‘ ’ 
: ‘ox3 us epvigastdO Intotvared 3 
: - ry rc ape ae 
tine fo ) YJterevind .etesis tetos> 
7 eu , eo, 3 
‘F eo 20 eteyianA mA Lom titi alukg 
® sate ert r 
2 misitsl ‘sor LA TRO i 0 
tm to 
tas he teeta e*xredapm barlalics 
, . PES hae . , } 
x 
. 4 
5 ’ ’ 
; f oi yb =p] SHSBS." «47% ato : 
weg) ae : : : i 7 i = - 
F < ery BB mati. {71 ioivenise Tanoss B3tt sy Biv a 
~—- : : a f be ey - \s ar! 
OL ,agtnrwW) TF ,foV ynoksaoubs sodoget 
et 4 _ * G aut s . se eatin leer nN 
r 
ah —) 
; nat 
} no tk soWXtvS 23 Jamar Thi OBS ise ub ivi tbr . A ait (arse hed 
; . : oe a att 
} : 5S s5o1 ewe ,19%88 aes Loosing 
; J ‘ ~ ai pase abe At aman 


— eoryed «vbuste 5252 ‘ ro A wmoss9% 


J bk ut Ean? $ ‘ e OF ayy anal i. 5 ~ 
y 7 eft te sxutsdel a 3p be vifebd séqp : 


ev 


set . rouse) “a A nodnenbh 
a D ‘ 
7.2% 


os eee on , WAIT toorotd 220 AT e we 3B qqs% SS fed | 
. ; oa a We ‘ A _ * af art Ws « : _ 
+3 5h ” (ore! fiero A 3 som gle fev “2 fag qa Moh ae = 


9 ite oa ‘A retayhadA cots Jowredal" eral piece 
hi even & ian ot sto¥ ange ey atts a 











138 


Smith, B.O., "A Study of the Logic of Teaching: A Report on the 
First Phase of a Five-Year Research Project," Washington, D.C.: 
Uses. Office of, Education, 1959. 


Snyder, Henry Duane, "A Comparative Study of Two Self-Selection- 
Pacing Approaches to Individualizing Instruction in Junior High 
School Mathematics," doctoral thesis, University of Michigan, 
Ann Arbor, Michigan, 1967. | 


Southworth, H.G., "A Model of Teacher Training for the Individualization 
of Instruction," School of Education, University of Pittsburgh, 
Pittsburgh, Pennsylvania, (October 31, 1968). Eric #ED 025 495, 


The Sixty-First Yearbook of the National Society for the Study of 


Education, Part I: Individualizing Instruction, Chicago: Unie 
versity of Chicago Press, 1962. 


Wade, S.E., "Individualized Instruction: An Annotated Bibliography," 
(December, 1968). Eric #ED 029 519. 


Withall, John, "Conceptual Frameworks for the Analysis of Classroom 


Social Interactions," Journal of Experimental Education, Vol. 
30, (June, 1962), pp. 307-308. 


Wright, E. Muriel J., "Development of an Instrument for Studying 
Verbal Behaviors in a Secondary School Mathematics Classroom," 


Journal of Expee once! Education, Vol. 28, (December, 1959), 
Pps Oa=L21% 

Wright, E. Muriel J. and V.H. Proctor, Systematic Observation of | 
Verbal Interaction as a Method of Comparing Mathematics Lessons, 
St. Louis, Mo.: Washington University (U.S. Office of Education 


Cooperative Research Project No. 816), 1961. 


vy } 
iw, 

} 

7 
*: ’ 
| 


" 











a 
+. a 7 i 7 : 
= a C4 ; ho! 
a : " : P _ | ape ff 
(3) 20 Of30u Gia ie eve of are ; 
ot Sear iy Ane hh - : f 
Iovasenl insYeavid gs 10 Beanit Jetta Oy 
ry - _ « i vy , 2 © ‘ 7 J 
CZCL ,nokIsGuba Yo o9f32904.2.0 
; 7 - oa A SS 7 
- A * av “ a ~~ one ee 
‘ut2 evizereqiod AY ,oneud YiInsA -TebyHe 
7 , zi » 
) ifeubtvibnI 03 saosotqqA entoat 
r 4 ad . = . Y Li - — 
tnedt [srojs0b *,eortsmeditsM Toonse ~ 
: - ? b. * r 4 J o fh a. sf 
». Cl ,fag ins MM , 100 tA iA 
Ee LA 
f\ < " a 
: * ‘J * r) — ™ TT ‘ nas ‘ s 
roioaet to LeboM A™ ¢.0.H ,d3xowdsuoe 
? + > >.) oi ie re “A , . » . 
if iba to beonge “,.ffOls2 mJjent 29 ‘ 
in%450)  .atasvivecoot .~aetudeIsiit 
ADOCTASY 22% 
on =a tan —_ thse ~ - - 
wi Tt | 1k oe | mm 
\ r’ ap >t ; 4¢. 
. WR OB! 
# { 
” ¢ , * v , 
‘jon boas fisub! Gi’ 
' t 1 C4 *y hry ® Ae eT rs 
‘ ee es 
$3 : gecm.” if 
3 oe © HOLL ™, erolivoaresns 
=~ : + ‘ & rr f t Situ 
srrecoo favat" -L foebwum 2.3 ‘ 3d. 
: 7 a i a er 
2 wvebrroggée s rt Storvange fadyaV 
P- See —— + 
glaeoubs IbSnoaniteaxd Jo. Taawwe. 
Se aA ele a _ ne yee omar cme 3, (aur 
wi a eo Td. 
jo25079 JM ¢ L.. 9imn 
~3 40 hodttal & Be nobdoeredn]. Ledxey 
ee PON AE PS ra wR TTS kee 
, ath? gt UO * a 





¥ \ 
‘ au n ) 

de Cee st+4ea~~ra ~ 

3 Ori eviisrsgoo 


APPENDIX A 


A SAMPLE OF THE MATERIALS USED FOR THE EXPERIMENT 
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TOPIC 2 


PHASE I 


OPERATIONS WITH RATIONAL NUMBERS 
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OPERATIONS WITH RATIONAL NUMBERS 


INTRODUCTION 


In almost every walk of life, at work or at home, people daily 
have to add, subtract, multiply or divide rational numbers; i.e. 
they have to use one or more of the four basic operations with 
rational numbers. 

A girl may want to make a recipe for = as many people as the 
directions on the packet indicate or may want to know the cost of 
ie yards of material. A boy may want to know how much he would earn 


4 
if he increased his paper round by = on may want to know the combined 


length of a piece 2" long and one 250 long in a model he is 
planning. 

Operations with rational numbers will also be used often in 
the work you will be doing in mathematics from now until you finish 
school. Since you will be using these ideas so much, it is important 
that you be able to use them accurately and quite quickly. 

The operations that you will be studying in this topic are 
those listed above - addition, subtraction, multiplication and 
division. You have already met them before. 

We will also be concerned with mixed numerals (eg. = ) 
solving conditions involving rational numbers (eg. n gs = 


3 


= and 3), with properties of rational 


numbers (eg. commutative property) and with applying rational numbers 


with reciprocals, (eg. 


to answer questions about everyday situations. 
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Too: 
OBJECTIVE B1l.1 


To find the sum of two or more rational numbers named by fractions. 


Example 
Find the sums and write each as a basic fraction. 
I 
e 5 af = 
Aang wy B. : 
5 
Tp 
2 


Criterion: Method correct in each example and no more than one 
error in computation. 


SOLUTION 


i 
3 
2 
5 
2 
3 





OBJECTIVE I1.1 


To find the sum of two or more rational numbers named by fractions. 


Example 

Find the sums and write each as a baste fractton. 

1 

i rd 5) — 

A paler gti Bie 

7 

6 

1 

+] 





Criterton: Method correct in each example and no more than one 


error tn computatton. 


SOLUTION 

EM rer oe gee aie 
AcE tGT SG = So So eens neces 
Wed Dan 

"(G0 6 36 

L pet 


+ 


2 
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1o6é 
OBJECTIVE B1l.2 


To find the difference of two rational numbers named by fractions. 


Example 
Find the differences and write each as a basic fraction. 
8 
Ave f.2 Be 9 
oes 
Dae 


Criterion: Method correct in each example and no more than one 
error in computation. 


SOLUTION 


8 
9 
3 
g37 
5 
9 





OBJECTIVE I1.2 


To find the difference of two rational numbers named by fractions. 


Example 
Find the differences and write each as a baste fractton. 
I7 
¢ 1 sees 
A She ne B, Pa) 
8 5) ie 
6 





Criterion: Method correct tn each example and no more than one 


error in computatton. 
SOLUTION 
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SECTION 1. Operations of addition and subtraction with rational 


numbers 


Suppose we want to add > and z We can show this on a numberline 


subdivided into fifths. 


| 
| ( | 
ee 910 1112 135 14 15 16 
Ri Agres Cee 55 6: 5 AS 5 S505 
3 4 7 
5 a 5 
SMMRENIA eee The evies wrod ewsilers 2 
0 iS 1 7 2 3 
5 5 


wrttinse ~~ 94. fifths = 7 fifths 


0 1 2 
O123 435 6 7 8 910 Ad 12 13 14 15 16 17 18 19 
eeepc Sys S08 7H 8 8 9858 8.8 Beh 8 8 8 8B 
ewe eS 


7 eights + 3 eights = 10 eights 


The sum is aa Since answers are usually given as basic fractions 


we reduce alas its basic fraction. 


8 
LOD Semon ee oS 
8 8 + 2 4 


1. Use the numberlines above (if necessary) to find 





4 6 5) 9 
De is eae Ne 
10 Zz 2 | 
Answers: 1. (1) ae = 2 (2) 3 5 
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sabe 7 5 
To subtract we do the same sort of thing. For example vant 
vs 
4 2 
nique ge ya’ pirig wode\ aay 8s Si Retg Oe ee eee 
0 1 2 3 
9123435 6 7 8 910 11 12 
4 44. 4 OAs AA A Ae 
7 fourths - 5 fourths = 2 fourths 
ip 3 3a. eZ ae Dez EL 
4 4 4 4°54 2 


2. Write answers to the following in your work book. 


Lees il _ 3 2,4 ie th 
(1) 8 8 (2) 16 16 (3) 3 2 3 a0, 4 


3. Write the answer to t+ 4 


In the examples we have done, the denominators have been the 
same in both fractions. 

What about 2 + . 2 

In order to add them the denominators must be the same. 

We can use common denominators and the least common denominator 
(L.C.D.) is usuaily most convenient. Here, the least common 


denominator is 8. 











ces wear 9 
5 
8 + 9 becomes 3 + FI and this sum is a ° 
4. Write the answer to . + - 
Here is another example = + 2 
The L.C.D. is 20 
2 2x4 = ml and 5 ne o°% 3 ab Ze. 
5 5x 4 20 ah 4x5 20 
2 5 8 25 
Thus Foy 36. + 56 
= 3 (and this is a basic fraction) 
4 ei Gates 6 2 0 
Answers: 2;(1) Res (255° 3 (3) ejects 2. (4) Z OF 0 
Dy Wa 1) x eh Og he BE eae 
ae mr UL ers viaal Tiilpl ney ape er A cco PTY 
3 x 3 Para” 17 





Yet 


Now 
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another example: 
eee Find the L.C.D. It is 30 
6 10 e e e e 
5x5 Qi 3 Find equivalent fractions with this denominator. 
Gn XD 10 x 3 
yz) 27 
30 + 30 Add the numerators. 
oe 
30 Is the answer a basic fraction? 
Seiad 2 
30, #42 If not, reduce it to a basic fraction. 
26 
if" 
a subtraction example. The steps are similar. 
9 5 ‘ 
Gey Sve eG Find equivalent fractions with this denominator. 
Gestes 6x 4 Find the difference of the numerators. 
2 faus eo 20, The answer is a basic fraction. We are 
ce finished. 
vat 
24 
look at this. Suppose in the last example we had used 48 as 
common denominator instead of 24. The steps would be: 
en ee oo 
8 6 
20) O 
ox, o 6 x 8 
D4. 40 
48 48 
14 The result here is not a basic fraction. 
48 : ae 

However, reducing it we get the same as 
1442 ROOVE 
48 + 2 j 
bd 
24 


We can use any common denominator when adding or subtracting rational 


numbers. However, the least common denominator usually gives the 


result with the least amount of work. 


2 7 
oi Find 3 + 5 + mA 


To find the sum of three or more rational numbers, you find the 
L.C.D. of all the denominators, find equivalent fractions with 


this denominator and then add the numerators. 


For example: 


Find 


un 
* 

fon 
bo 
oO 





= “jhe The L.C.D. of 6, 4, and 9 was 36. 


i oO 
a 
wo 





nS 
x 
wo 
SS 

IS = 





wolun Flu alu 
I 


Oo 
* 

> 
Ww 
con) 





Now read OBJECTIVES I1.1 and I1.2 and their examples. These tell 
you what you are expected to be able to do for this section. 


When ready turn to and do CHECK EXERCISES 1.1 and 1.2. 





2 3 7 2x 20 4% 12 Pe 15h 
Answerat O5t~ ay tee + oy 7 3g ape Sex ee | ae toe 
40 36 105 181 
Rue aak'G0. en iiben 60 


ea er .rrlC 
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wl pir tl 
CHECK EXERCISE 1 


I1.1 Add the following and write each sum as a basic fraction. 


eto e 9 9 
a) a5 P90 1 5 Dao e) 59 
5. tee G LL 
bys ie 3 i 12 
BU ae) 7, 2 3 
Ee ag yD Bane? yee 








I1.2 Find the differences and write each as a basic fraction. 


Dey ris at 
al FG g-5 
nie 10 3 
EE tet: ae a 
ae a 
of a6 


- Check your answers with those given at the end of the topic. 

~- If you are not certain how to add rational numbers, or if you 
had more than one part incorrect in CHECK EXERCISE 1.1; read 
section 1 carefully and do activity exercises 1.1. 

- If you are not certain how to subtract rational numbers, or 
if you had more than one part incorrect in CHECK EXERCISE 1.2; read 
section 1 carefully and do activity exercises 1.2. 


- Otherwise, go on to section 2. 


Activity Exercises 1.1 


1. Using a number line, we can see that 34 <-2 


3 ree arene 
i) aval 
cere eens et, SAU OT IGT 8 40H! FE 
0 ae, 1 
fe Nee 
a) Write the fraction that equals 243 : 


b) Add the following. Use a number line if you wish, but try 
to do them without. 


4,3 Sspe2 3 8 Le) 33 
ig+ 9 di) 7 +7 iii) 79> + ip iv) F+s 


3 4 + cannot be added as easily because they have different 


denominators. 
1 5 le ae 2 ei 2 5 
But Ooh gd 5° Now we have cM 8 3° 


Study the following examples: 


d) 




























3 2 de ae Mots 

4+ 5 be 476 Lae 
Rie eeeae ee ee each cee + 
ners — ORS s1.0 Faye Deia 
=. 20 8.20 So) oe , 
— 23 = 13 “ 

20 : i2 
Note: We must have common denominators in order to add ‘ratior I 
numbers. The least common denominator is usually most co 

Cat. 

Add the following. Be sure you have a common denbetia tee 

A ARE iy) 4 ghd © 

i) ae Tr iv) 4 Sa 
Z 1 LE 
li) 7 +¢ : yt s 
eee ee 
iii) 5 + 3 
Adding ope ee get —~ But can be reduced to a a 
10 10 EWG 10 
3 6 6452 3 


fraction of = ( to io Foe ae . ; 618 


Note: We always reduce a fraction to its basic fraction 


SE ste ao question finished. 


a 


Add the Polionice Be sure they are ‘reduced basic 83 


when necessary. . ie a 
5 eet a7 Pedtes 
i) 1 A iii) EDO t+s 
AE ee oo) 
ii) 5 + 6 2 


adding two rational numbers. Be sure they ALLE are expre 
with common denominators and ‘ite final — answers are ee i ; 

i ip f ( £3 oe > 
FRACTIONS. b Seventh se sents Neorg oe Ray igh i 


| 





We can also use column form when adding 2 or more fractions. 


24 beGene 1S 24 


o/h Dl[n clw 


| 
| 


= “3 basic fraction 


e) Add the following and express the sums as basic fractions. 


Lb > Chump: 2 2 
a) é + 5 + 3 iv) 3 v) 3 
Jo tee Paes 2 ES 
ee a er 5 i 
Phir iSeg ee, O08 a 5 
fii) ¢+ a5 + is aegis ane 


Activity Exercises 1.2 


We can also use the number line to find the difference between 


9 4 25 
two rational numbers. Waa es 
je age 7 Saas 
0 2 i2 ? 
8 8 


a) Subtract the following. Use a number line if necessary, but 


try to do it without. 


aes Lege es epyhlee: Be 
i) GhaeG ii) ara iii) Buccs 
In order to subtract + from <2 we must express both fractions 
with a common denominator. 
pee 
10 S) 
SMa & ( Hi ges See PRESS 
10 10 >) ep 29r4 10 
Sik 
10 


b) Subtract the following. Use the least common denominator. 
eae Oy) ed, end at 2 
ENG Sead 5 


oS) 


oe 2 - 


151 a At (eae 
414 3 ; | a ee 











»- 


In the following Ek: we find we get an answer of 2 Pig ere 
7 5 g Bi ae 


gyn) 
But, we do not leave the answer as Db: 





BASIC FRACTION. © #4 

aes = 2 = 2 = ab rl i — 
Loewe tae 6 y: 

5 2 / 7 sf 

Mee DE mir p> : & 
= i ‘ a, 

6 . 

We can also subtract in column form Pe 


oa a we 1 A 
10n.0m) 30 ct 
ee y 8 

~ rn ; 

m 4 
‘e 


NOTE: ALWAYS EXPRESS THE ANSWER AS A BASIC Se 


c) Find the differences and express each as a basic fraction 


0m 3 j 79 teh AO nee 
i) ‘Coe iv) i . v) “% sexbdams, Leaokan 
SPs y 4 koe 
3 7 


iS eee 
RM ea) 


iii) 20 ae . ‘ ' ‘Wa 


- Check your answers with those given at the oe 
- Read objective I1l.1 and [2,1, ee s4° 5 7 aoe he 
- If you feel you are ready, do CHECK EXERCISE ik 4 


CHECK EXERCISE 1A 


I1.1 Add the following and write each sum as a ba 


> Fi ‘a7 Py 
; a ¥ Vit et 
guilt barca 
; ‘ ) Ww Fe ; i 
% . 
+ 
Parl ¥ 


Lay 


ticks 
I1.2 Find the differences and write each as a basic fraction. 
Fi i 11 7 
ween Garena ie 
7 1 5 8 
DS 1 6 atin ai 
pele 
aC 


- Check your answers with those given at the end of the topic. 

- If you are not sure how to add or subtract rational numbers, 
or if you had more than one error in each CHECK EXERCISE, check 
Modern School Mathematics pp. 336-340 or ask a student helper 


or ask your teacher. 


- Otherwise, go on to section 2. 
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OBJECTIVE B2.1 
(1) To write a fraction with numerator greater than denominator 


as a mixed numeral. 


(2) To write a mixed numeral as a fraction. 


feat EAS SOLUTION 
35 , 

(1) Write as a mixed numeral gs 

(2) Write as a fraction 7% 





Criterion: Correct mixed numeral and fraction. 


OBJECTIVE 12.2 


a) To use fractions to justify that a given fraction has a particular 
mixed numeral. 
b) To use fractions to justtfy that a given mtxed numeral has a 


particular fraction. 


Example 
a) Use fracttons to justify that the mixed numeral for 2 is ae 


b) Use fractions to justtfy that the fractton for 5= is — 


Criterton: Correct justifications. 
SOLUTION 





a 
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Section 2. Mixed numerals and fractions 


2 3 4 
: ey WED 8 Lee ae oe tees 0, 2 
2 2 2 2 2 5 aa ay Cama) 2 


1. Write two ways of naming the rational number associated with 


point B on the number line. 


The rational number associated with point A on the number line above 


may be named in two ways; 22 ox %5 - The second of the names is 


the one often used in everyday situations; e.g. 9> inches, 9 years, etc. 


On the number line subdivided into halves, 95 means 9 whole divisions 
plus one of the halves subdivisions. This is the same as 19 sub- 
divisions, each one half. 


ot is called a mixed numeral because it contains both a whole number 


numeral and a fraction. 


ik Ji I i 
PaiMrrastionver2 oation us 
whole number numeral mixed numeral meaning 


When we get to applications of rational numbers to answer questions 
about everyday situations we will find that mixed numerals are often 
used. We will also need to be able to convert between mixed numerals 


and fractions so let's see how this is done. 


Fractions to mixed numerals 


Of course, it is only when the numerator of the fraction is greater 


than the denominator that this can be done. 


2. Write the mixed numeral for af 





Answers: Le #3 or oa 2: 16 fourths are 4. Thus +f ae fs 
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Consider the fraction ae In terms of a number line subdivided 
into fourths, the point corresponding to 2 is 39 fourths subdivisions 


from the point corresponding to 0. 


ae bed 4 4 4 4 4 dosent 4 4 
4 fourths subdivisions 4 ieee subdivisions 


Hy vi 9 
th 8 12 ~16 20° 926) 285) “Seow | 40 mag 
4 


It takes 4 fourths subdivisions to make each whole division. How 
many whole subdivisions are included in 39 fourths subdivisions? 


We find out by dividing 39 by 4. 


4 = 39 fourths subdivisions is 9 whole divisions 
36 and 3 fourths subdivisions. 
3 Che Ea ater | 
41.2% 4 — an 


This can also be justtfted, using fractions, as follows: 


38 vega sir Soigram 5-922 ue Nome 
Td id ed ieee tas Yee ee 


Let's try aa and obtain the mixed numeral for it. 


First divide, to find the Justification using fractions 
number of wholes. "ELUS. IG. r 8 
16-66 wel G 
EE SSP - 96 16 | 8 + 8 
16 Y104 16 + 16 16 + 8 
‘ 6 ad 
\ 96 = => + = 
. “a7 gi! 2 
a ae ny 68 1 
But +> can be reduced to the = es 
basic fraction > 
104 _ aes 
TOUS Tair Tee 


35) ) WEL te 20 as a mixed numeral. 


Mixed numerals to fractions 


This can be done for every mixed numeral. 


oceans bie pera ge sn pete aE ee pete la nee 
Answers: 3: 12 remainder 4 100 2 1 
8 ) 100 —=, = 125 = 125 
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’ 4. Write the fraction for We 


Consider the mixed numeral 5s é 


0 ag 2 S 4 te 6 
0 3 6 9 12 15 18 
2 3 3 3 3 3 3 


Each whole division has 3 thirds subdivisions. 
5 whole divisions have 5 x 3 = 15 thirds subdivisions. 
5 has 15 thirds subdivisions plus 2 more thirds subdivisions; 
i.e. 17 thirds subdivisions. 
17 


2 
Thus 73 yee 


Thts can also be justified using fractions as follows: 


i eee ee Roe de a 17 
Ae Mice os eG Ut TS 


Let's try mend obtain the fraction for it. 


12 
First multiply to find the number Justification using fractions 
of twelfths in 4 4 = a aN 5 
4 is 4 x 12 = 48 twelfths 4 7 
EP etlGa t7) reel tths ernie ate 
iy 
4x 12 a 
Se aera Lexi 2 12 
12 12 
Lie 
vie 19 sie 
a, oe 
ee 


5. Write the mixed numeral for x ‘ 


For a number to be correctly named by a mixed numeral, the fraction 
part must have numerator less than denominator. 


3? is not written correctly. It should be ae 





Answers:4: 4 is 12 thirds. Thus ue is +4 : 
8 89 - 
detel Sue G81, ainthe: ge = 32 
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Now read OBJECTIVES B2.1 and 12.2 and their examples. These 
tell you what you are expected to be able to do for this section. 
When ready, turn to and do CHECK EXERCISES 2.1 and 2.2. 
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CHECK EXERCISE 2 


B2.1 i) Write the following fractions as mixed numerals: 
ay 32 a) 13 
2 7 
9 16 
b) i e) 7, 
LY 
c) 3 
ii) Write the following mixed numerals as fractions: 
3 4 
a) 1; d) 49 
3 3 
b) 25 e) SZ 
8 
c) 1 
12.2 i) Use fractions to justify that the mixed numeral for: 
£5 3 
a) i is 37 
7403 1 
b) : is 35 
ii) Use fractions to justify that the fraction for: 
a ask S 
a) 35 a 5 
ee ete, 
b) 27 is 7 


Check your answers with those given at the end of the topic. 


You were successful on CHECK EXERCISE B2.1 if you had at least 


4 Gf thesparte correct in@both.2.1 (1) and 2.1 (11). 
You were successful on CHECK EXERCISE 12.2 if you had 3 of the 


4 parts correct and all steps were shown. 


- If you 


are not sure how to do either of the above CHECK EXERCISES 


or if you were unsuccessful on CHECK EXERCISE B2.1 read section 2 


and do 
If you 


and do 


activity exercise 2.1. 
were unsuccessful on CHECK EXERCISE 12.2 read section 2 


activity exercise 2.2. 


Otherwise, go on to section 3. 
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Activity Exercise 2.1 " . » Me ae 
2 bth | 
Oat ui 2 sea > 
4 4 8 9 Le 
4 4 4 


From the number line, we can see that 2 means 2 whole units on- 
the number line plus one-quarter of the next unit. This could 
written as 2 » which means 2 +2 4 a is ‘said to be a mixed 


numeral as it contains both a whole number and a fraction. 


On the number line above we see that - ae has four whole units 


2 arteries onl 
into fifths plus 5 of the next unit. ie. oe = a= hy 
eens tee pa aee 
1. Using the above number line, write mixed numerals for: 
Z : : 8 16 ' ; ‘ ent re 7 
Lae b) oa a c) et a gE eh aa é 


which involves division. 


We can find the mixed numeral for ms by dividing 2 22 by e mt 


& ‘ 

— 5 & 
es ‘ 
> 2 
fe 


Four whole units and 2 of the next unit. = meee | 


Similarly 2 = Se because — 


ee ae 
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ZS 
Using the division method write mixed numerals for: 
15 al 
a) i d) 
ul 24 
b) 3 e) > 
c) a 


Given the mixed numeral we also want to be able to express 
it as a fraction. 


us 1 
25 means ae > Or 2 units plus > of the next unit. 


a e 


Se ee 


2 units hate of the next unit 


0 1 Z 
ee a eo. 
2 2 2 Lae 
=<" Sipe ae 5 
4 halves 1 half This gives 5 halves or 7° 


Study the following example in which we write a fraction 


for the mixed numeral co 


5 
Z 
pe. AE 5 
ef eater 
0 1 2 3 a ) 


Ba Se ee eee 4 ee 4 SE Ba a VY’. 
5 fifths 5 fifths 5 fifths 2 fifths 
\ v4 
3 lots of 5 fifths and 2 fifths 


1.6) (3x? 9) Larthseto2ef tiths 


1 is) 2 
4G. Ek 5 
17 


* per A 

Toray : oh. ae 

124 | “a Ee ate 
3. Write a fraction for x OF kr : ; t% it; greed 4 
















Again we want to be able to write fractions equivalent to — 


mixed numerals without having to draw a number line. Wording 


at the mixed numeral 32 we see that it is mace up of 3 see i. 
To find the number of fifths in 3 we multiply 3 by 5. ae his a 


gives us 15 fifths in the 3 plus 2 more fifths in the a rg 


Thus we have 15 + 2 fifths, i.e. 17 fifths or = at's 31 4k oe 
To do this quivkly we can think 3 = [(5 x ae + 2] fifths — 4 
my! 
= (15 + 2) ‘fifths - 
ila | i 
‘ 5 : i 
ae = [(3 x 4) + 2] thirds: | x 
= 12 + 2 thirds Cee a Fis 
pe 14 f ; : ; , by a 
4. Write fractions for the following mixed numerals: a ah : 
2 1 [SS pind de 
2 ay, wee 
c) 1s ; ites “ ade ¥ 
Activity Exercise 2.2. 04 7 . AB oe 
j ; ci 


We can use fractions to justify that a given fraction has. a 
particular mixed numeral. a Pe: 
For example: UN ea “f 

or example: “7 = 7 






we 

the eid re i” 

4 4G oe 4 " 
423, be 


4 la 
N aa 
\ "eae 
Ms, wh 
‘ + 
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2: 
1. Write out and complete the next example. 
ke vie bene al ea 
met ie 5 t 5 (note: we want to form two 
me 20a rel fractions such that one may be 
ae aay : simplified to a whole number 
= — + — 
St ee and the other has numerator less 
= E+ L] than denominator). 


2. Justify that each of the following fractions is the given 


mixed numeral: 


a) 2! is the mixed numeral 6 
b) +! is the mixed numaral! se : 


We can also use fractions to justify that a given mixed numeral 


has a particular fraction. 





For example: se = 4 +3 
4 2 all these steps are 
7 (ees a needed for the 
4x 3 2 ; 
Wate + 3 justification 
12 2 
ae 
_ 14 
s 


3. Write out and complete the following example. 


. +00 

| Me apa (note: we want to write the whole 
7 7 

3 


number as a fraction with the same 


a xt} 5 
4 he, 4 Goes | 7 denominator as the fraction in the 
: = + 2 mixed numeral). 





Ae Justify that the following mixed numerals have the given iia’ led 2 
fractions: ; 1 4 ee 
a) 27 has the fraction os eM ae Aa 
b) 62 has the fraction 22 : aerial 
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- Check your answers with those given at the end of the topic. 
- Read objective B2.1 and 12.2. jae 
- Do CHECK EXERCISE 2A. 


CHECK EXERCISE 2A 


B2.1 i) Write the Fen ait fractions as ieee numerals. ee 


34 Ey LO, 
a) 75 ey. 
48 baka, 
Di Pict F 
27 3 
c) To 


ii) Write the following mixed numerals as fractions. 


1 ap ee 
> hire i Ne) 5A tay - | j F a =i" “sy 
b) ire e) oe aha gy Ned ba deed x My a 
. 7 . 7 
CS) 375 


I2.2 i) Use fractions to justify that the mixed numeral for 


8 ie 
20 2 7 a ig oe a 
b) 9 is 25 i id “4 a = 


ii) Use fractions to justify that 


5 a3! 
ae 31% 
Ce aes 


You were steered eee 


aes 
4 Pie correct and i dicated a 
rf ea fa aes 
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- If you are not sure how to work with mixed numerals or if you 
were not successful; check reference book - Modern School 
Mathematics pp. 345, 346 or ask a student helper 

or ask your teacher. 


- Otherwise, go on to section 3. 
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OBJECTIVE B3.1 


To find the sum of two or more rational numbers named by fractions 


or mixed numerals. 


Example 


Find the sums and write each as a mixed numeral with fraction part 


as a bDasier rractuon. 


ii Lo) And eee 

A. ae Be) rer oat 
1 
toe: 


Criterion: Method correct in each example and no more than one 


error in computation. 


SOLUTION 









COolN cole 





cof 






OBJECTIVE 13.1 


To find the sun of two cr more rattonal numbers named by fractions 


or mixed numerals. 


Example 
Find the sums and write each as a mtxed numeral with fraction 
part as a baste fraction. 

| 


4 , zl 
A 1 Bs 5 ete ha 4 * 


Criterton: Method correct tn each example and no more than one 


error in computation. 


Seay 


SOLUTION 


1 
4 
2 
a 
a 
3 





OBJECTIVE B3.2 


To find the difference of two rational numbers named by fractions 


or mixed numerals. 


Example 
Find the differences and write the fraction parts as basic fractions. 
Z Zz 1 
c — = ]— A = 
A 33 5 B tn 
5 
es 





Criterion: Method correct in each example and no more than one 
error in computation. 


SOLUTION 





OBJECTIVE 18.2 


To find the difference of two rational numbers named by fracttons 


or mixed numerals. 


Example 
Find the dtfferences and write the fraction parts as baste fractions: 
oy) 4 5 
A. See oe ee 65 
aia 
4 





Criterion: Method correct in each example and no more than one 


error tn computation. 





SOLUTION 


Section 3. 


Example 1 
a 


2 


3= + 25 


4 


_3. 
ibe, 
Lt 
I +55 


ll 
"12 


i] 


You can probably do an example like 


this without writing down Sstepe 2, 3 or 5 


3 
1 ; 
Ee ycar 


a 


Addition and Subtraction involving rational numbers 


een tv living rational numbers 
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named by mixed numerals 


Read through this example and the comments 


1 


4 


2+ 54 


ae 
12 


W]r |r 


Mixed numerals represent the sum of a number 
named by a whole number numeral and a number 
named by a fraction. 

Add the whole numbers and add the numbers named 


by the fractions. The L.C.D. is he: 


Write the result as a mixed numeral. 


Read through this example and the comments 


Example 2 
5 2 
37 + 23 
= ae Brig ik 
Sas ree, 
Ly 
= I+ 
5 
= as P Sais 
5 
= 6 a5 J 
1. Find the sum: 


Answer: 


Le 


Add the whole numbers and add the numbers named 


by the fractions. The L.C.D. is 12. 


i ay 


LZ 


5 


is 12 


a as a mixed numeral, i.e. 1 + 


ate 
1 


Add the whole numbers. 
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Example 3 


! 
— 
I wmfe 


oe 


Ale AI fF wiry 


Read through this example and the comment 


(1 + 5) Subtract the whole numbers and subtract 
CAS oes the numbers named by the fractions. 

; : The L.C.D. ts 6. 

6 


You can probably do an example like this without writing down 


steps 2, 3 


Example 4 


Sometimes in subtraction it is necessary to "borrow". 


Oreo. 


Read through this example and the comments 


This happens 


when the number to be subtracted is greater than the number it is 


to be subtracted from. 


ae - 17 Subtract the whole numbers. When attempting 
4 g to subtract the numbers named by fractions we 
BR Sos ahs es 9 4 
as 4 9 see that => is greater than =>. 
eee eee: a2 #2 
Bye 7s alee "Borrow 1" from the whole number 
ks 16 4 2 
= eae) oie Ae ies = 19) Now wa canmeubtrect, 
fed az 
mMoese at 
12 
a7 Cul 
ra 
3 =. 
2. Subtract: 53 - 4e 
S 5 
Answer: as 53 - 4e 
9 + 20 
oe te 209 
9s i 20 
4 2 
Pee 70) 
24 © 28 
ES 
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Ieee 
(addition may also be done with the numbers arranged vertically). 
Examples 5 and 6 Read through these examples. 
aS 22) Bene 18 
35 oie tile » 12 37 aa OYA 
Lt ¥¥ M3 Siem 20 
23 = eG 12 inGeDs Le Le 6 24 
Lug _2 va 21 
ter, 4+ 55 vial ope he dae 
59 59 a 
Basi == pedal roo festa 
9 4+ 5 as yh ane 4 + ah oy 2h 
Lor = ier ¥ lil 
= git 
24 
wo 
3. Add 
at 
4 
2 
aes 
Example 7 Read through this example 
ge a ae i ar 32 
123 aie oats aA ASS lz ET IMSR yA 
> cle 15 |. iss is 
SE Cyaan on ay aor! ae 2d 
i, 
ely reater tha a8 “ta e 
Bite a HEP Sete 
We need to "borrow 1" os 
from the 12. 
1 
4. Subtract ae 
4 
- 35 
Now read Objectives 13.1 and 13.2 and their examples. These tell 
you what you are expected to be able to do for this section. When 
ready, turn to and do CHECK EXERCISES 3.1 and 3.2. 
Answers: 3:3 ed ee grass 1 5 5 35 
10 (Fee 4: See aks aie Nama 3 +55 
L a 
oe 2 eele ha ame -~ J = 24 24 24 
: 20 35 30h 30 3+ 30 3 + 30. 
+ 12 rel 11 
5 20 Vt 
30 
vets 
20 
= 3¢+1+4+i1 
20 
Deed 





tr 
= 
a 


+ nape? Sa banat sina a mn 


P 


 Sabereacts 


bet. white i thw wale rasnive ae aie 
























e 7 
ao lqmane esas agers sa bai 


dhe: aust yet a nae atid a co i » 04 
Thi 2.0.0. ae ® aes 7 ie ‘ie 
eae : hey eden, oil : ; > © 


— ; im» 


noliae12 tesa |G. ar 


| : A an , 
4 et a oe : t 


re ) % 
Sf ha 
ae 


 otmwole like cyte withewe qed ting: doa 
Ne 
‘ o 
| or 
py che ecxanatph « au che a 
"i ; : aa 
eet ,8 Ree gonry t - hoerow’”s 9’ tye, 
canted te gceutet than ne Be ut <7 


oLqmne “elda dguguds) baal © 
, ee a ng tremptdit 
mAs je: at ih Ee, Ht ph ds uwid Fr vate 








| se - ¢ ad ue obi Cathe Is ¢7 e - 
oy “ j : 
Se Tos Che waed.o, suena 
oe + &. 7 9 : : {. 
pe ‘ Dents suc: at a 
Lig <= , 
aS" m5 yorsed" ws bean, b 


St ests 





ey 7 
: » 
4 ; 
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CHECK EXERCISE 3 


I3.1 Find the sums and write each as a mixed numeral with fractional 


part as a basic fraction: 


opt pio 3 1 
a) 350 + 3 SF ly d) ly e) = 
24 4h td ae i 
b) 4s ie 3 B58) 12 275 3 
ab Pee aly) gt u 
c) 4s a 270 ote 25 fo 5} + 8 


I3.2 Find the differences and write the fractional parts as basic 


fractions: 
5 3 4 5 
oe 455 d) 915 e) 455 
Le. ay YN ee 
b) 'S 47 395 37 
5 rf 
c) 175 - “75 


- Check your answers with those given at the end of the topic. 
You are successful in each CHECK EXERCISE if you are using 
the correct method and have no more than one part incorrect in 
each question. 

- If you are not sure how to add mixed numerals or if you were 
unsuccessful with CHECK EXERCISE 3.1, read section 3 and do 
Activity exercises 3.1. . 

- If you are not sure how to subtract mixed numerals or if you 
were unsuccessful with CHECK EXERCISE 3.2 read section 3 and 
do Activity exercises 3.2. 


- Otherwise go on to Section 4. 


Activity Exercise 3.1 


To add ae + 3 we first write each mixed numeral as the sum 


5 
4 + + 3 + qs a whole number and a number named by a fraction 


2 
443+ ase é We add the whole numbers and then the numbers 


5 
Va by the fractions. 
7+ 2 We write the result 
7 


5) 
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Big. 




















5 jg Pree ate Lh as 
Reidy) eae tee | : LAA KE EHD 


sie hci read through the following examples and comments: 


a)*25 + een aS ofeaed @ R ON SA, 
4 6 / ’ wae 5 
BP ee der eG Mache Shay =! PM. 
8 4 6 | Peek A 
chee ies 1 ee 
#2 ite 5D +03 Ot ge ig eae in order to add the numbers named , 
Ses ae PAG, by fractions we need to express, 


t= 10+ >> + = 
24 24 © 24 them with their L.C.D. of 24. 


*= 10+ aT . a: nat a i 
24 sity vi 
= 10+ 133 ae mixed numeral for. 24 is lay : ' 125 
= 23) i 
Soe LO) leek 3h 
Tyg tein! 
24 | ut ee 
23 expressed as a mixed numeral 
k= 1157 


* When doing such an example you would probably oy, need to 


write down the lines marked with an *, 


b) ater todd 6 i309 
= 2 i ‘ts § 2p 
er ee : ne 78 UOY 
ke Seo : y 
U2 2) ee. c Dalene ave ape 
ee Lit é 6 is the mixed numeral 15 xe Yliv 
pt iyo shana idee. oa wor sive 190 9x6 fm 
ere: Baar 
ee 2 tc. en 
Tear 2 s \icdiciia | elie baie 
= is the basic fraction = neers 
1 6 Sot 3 ae 
kes 12— > ob eae 
3 J 
Note: Always express the mixed numeral with att 
ae ee cs anita 
Doel id. ti, vou 
Add ue sera i oe 
a) e+ io ees 
on ted 
re 
b) nye 16+ 5k 
te ue eins an 
OME 73 Ga ial 
y 4) | Loe ys 
ae) 
i a a 
PENA Pah 


Se ll a ee iat ie 


Activity Exercise 3.2 


i] 
No 
| 


1. Find the difference: 


4 1 
capes 
In order to subtract 72 - 
with their L.C.D. 
3 a 
Thus 1G - or 
6 1 
pao Sao 
2 2 
a AS FI 
viii 
= 25 


2. Find the difference: 


2 2 
Say F ins 


Here is another example: 


1 : Z 
275 = rN 3 6 

my 2 

~ 18— 18 + 6 


We have expressed the fractions in the mixed numerals with common 
denominators. But we find we cannot subtract 2 from oe, 


too big. Thus we must "borrow" one from the whole number. 


Z 
od) 6 


8 
Now we can subtract De conn =. 


6 6 


= 


7) subtract whole numbers and numbers 


named by fractions. 


7 express as a mixed numeral 
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1 
>3 we need to express the fractions 


(You can do several steps at once.) 


fractions expressed with L.C.D. of 8. 


expressed as a mixed numeral. 





epnie fis 


pe ee 
26 + 1¢ 

8 
264+ = 


We have 


6 
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ae fats i? 
ae = 2 = o . ‘ " ‘ g ; ( 
273 27 += +7 Na i 
2 re batt 7 2 3 Dts ‘ 
es 185 ie ARs 6 ote 6 has 
s+ z i i oe me 
er 3: ) 
* 8 a mixed numeral with Re" met 
ae is H 


fraction. ery 


3. Find the differences of the following and write the fraction 





as basic fractions. ars are) oan 
| ke LG tk (hed aes 
De-  a) ae 89 

1 a i By: 
b) Maes 376 - 3 i niet | . : 

il 3 Le 
Shatp ry ia 


- Check your answers with those given at the end of the top: 
i nt » Y ea 


- Read objectives 13.1 and 13.2. C) MB lesb eo 
- If you feel you are ready, do CHECK EXERCISE 3A. 


CHECK EXERCISE 3A 


as a basic fraction: : a 
ay OMe 3 

a) ac a at + 25 d) 42 
Dy oul ote eo 

b) 83 Ba 3 ce oF a 
Hy cone sk 

c) 39 hee ct an ne ea 





1322 Find the differences and 


dee be L 7 
St 
b) ce - pee ap 
ich ee OR: 
; ye ro) 
She 
ees es 
: rah 
1 Lae iy 
7) F , eR 
i, ; ee AA mu + a : 
sh “ip Hy 4 yy = 
eke Aah 


175 
AOL 


- Check your answers with those given at the end of the topic. 
You are successful if you use the correct method and you have 
no more than one part incorrect in each CHECK EXERCISE. 

- If you are not sure how to add or subtract rational numbers 
named by mixed numerals, or if you were unsuccessful on either 
CHECK EXERCISE, check reference book Modern School Mathematics, 
pp 346, 347 or ask a student helper 

or ask your teacher. 


- Otherwise, go on to section 4. 


oe Tt ily 2 i re, 
ay 
- i 7 
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OBJECTIVE B4.1 


To solve conditions for equality involving addition and subtraction 


of rational numbers. 


Example 
Solve each condition. The universe for the variables is the set 
of rational numbers. 


3 vg nas il. 
Als mt n = 270 Beem 


NDilun 


Criterion: Method correct in each example and no more than one 


error in computation. 





SOLUTION 
Ae ie ES 
Check: 34 2+ Check: srt 
Solution: ue -2 
Solution: 2h 


OBJECTIVE [4.1 


To solve condittons for equality tnvolving additton and subtraction 


of rattonal numbers. 


kxeample 


Solve each condition. The universe for the variables ts the set 
of rattonal numbers. 


5 é 
A. bee at Ie 


Criterion: Method correct tn each example and no more than one 


eg 
B, ao 25 Cu 8, 


error in computatton. 


a 


SOLUTION 


Solutton: 





a, 







‘Siler it won 


ys . a whamew —_——, re gh da oo omeale 


‘ , a) , ; 7 Br een 
raft rae oy, ey fie. ducks am 4 


. es 





. mete 
é > 
4 4 * 
vG 
rr “ 
i 
ie) 
s 
| 
, tien) © 
4 : 
4 ‘ ; \ Mae 
i ; —* 
. a 
o \ 
i oa ‘ 
2 = “ 
4% 
ba 
- ‘ ~? 
* Pee | ‘ 
. q 
in e a by Qn. on! 
7 word 
a 
ri a) 
ioe . 
~ t 
. kate 
o ~~ > + 
is ee 
t 2 & ; 
. Ban. “a 
‘ 
= ; ie 
' -* 
1 
; tes 2 - O42 
e ; j ' ; B > 
- . 4 & 
- a OH . , ‘ 
M ’ 
4 ‘ 
oy ks i 
aS «= 
ar . - 
s 
2 - a 
a ee ties 
- , a. Fe 
2 . 
a? - 
Fa 74 . 
G 
. - i 
Pa 
a" ~y ey a 
j ~~ | 
’ 
a ~- 
, 
i 
> rl 
— baad 
' 
1 ‘ 
Z ’ i 
‘ A 4 
p i 
* Mn, - 
“; , 


- 
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Section 4. Solving conditions for equality with rational numbers. 


You have already solved conditions for equality in which the 


universe or replacement set for the variables is the set of whole 


numbers. 
Oo 8 ox -o7 +15 


The solution is the number which when put in place of x makes 


the condition a true statement. The solution is 8 in this case. 


Now we are going to solve conditions for equality in which the 
universe or replacement set for the variables is the set of rational 


numbers. E ae Th 
eee a ye ae 


To solve these conditions we will make use of the following 


ideas: 


Conditions involving addition have AND Conditions involving 


related conditions involving subtraction have related 
subtraction conditions involving addition 
eee = tes 
elas 5 he: taal 
_/ 3. Related subtraction ae 1,3 Related addition 
- 5 =) condition with n 5 5 condition with a 
alone on one side alone on one side 
1. Find two related subtraction condittons for = + a = 
2. Find a related addition conditton with the variable alone on 
one stde for sos y - 22 


3. Finda related subtractton condttion with the variable alone 





: l 4 
on one side for 7-8 = a 
Answers; Af) w= - 3 <= f. x 
FS a | 
a Te ary as aa 
1 l 
Be eee ae 5 
ee ae two steps 
= -- ‘ are needed 


RS, 
Lt a 


Examples 1 and 2 Read through these examples and the comments 


2) adok 113i 
Solve: 13 +m = 47 
3 ys Related condition with 
m #4 = 1 P 
4 3 m alone on one side 
. SN Ta ee 
=a 3 + 12 12 Do the subtraction 
1 
ss 3 Io 
Check: 12 + TF 1 
8 l Test that 379 in place 
1 sr} ‘A 332 of m makes the condition 
eee 3 
= 455 or 47 a true statement. 
ih 
Solution: 3T9 
5 _ So 
Solve: IZ - D = 7) 
Chee ee Related condition, but b ts 
Gaee 4 not alone on one side. 
Bi Gas 6 Related condition with b alone 
b=i1--= g 
Bog on one stde. 
=1+ = - = (Two steps were needed to get 
Ee the related condition with b 
= 1 is alone on one stde.) 
-18 _& 
8 8 
eb 
M8 
Fs) f lias 
Check: Ie aah Test that g in place of b 
eres makes the ortgtnal conditton 
g : a true statement. 
= or 4 


Solution: 


See SOLVe 


4. Solve 


Now read OBJECTIVE 14.1 and its example. 


7 

P 376 
= (eed 

12 = 185 


This tells you what 


you are expected to be able to do for this section. 


When ready, turn to and do CHECK EXERCISE 4.1. 


Answers: 


3. P 


Check: 


Solution: 


_ a 
1Z2+% = 135 
x = 136 - iby; 
7 
= lig 
Check: 12 + 1% = 13% 


Solutton: 15 


H ee 
‘ eh Ss alee 
nl 
n 4 
pm 
4 af ~f 
+ oo Ge mm 224 4 


Pr 
QP 





nl tn oe OF agke ov 
ii yoltoh ot afd 99209. RORROgTEn?=™ 
a} HO ob bee oF ntud , YO 
, 4 
h sankene tte 
vA vate 
' 
= 
’ + Wehr 
’ ny lt oazl ‘ 
acjeiernsine einen 
Se a aot Gn WT UF 


ey ri 
ie bad 

. > "il ' 
AEP Ps 
Pat de ne eee 
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or J 
ee eu! 
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CHECK EXERCISE 4 
I4.1 Solve each condition. Universe for variables is the set 


of rational numbers. Write fractions in solutions as basic 


fractions. 


10 _ 12 1 _3/=pb 
aay oo Pua ts d) 1léy - 35 

OER er ee Une eae) 
Ei eara aes e) 8 - asa 
) 1225 = 13.4 1 


- Check your answers with those given at the end of the topic. 

- If you are not sure how to solve these conditions or if you 
had more than one part incorrect, read objective 4 carefully 
and do activity exercise 4.1. 


- Otherwise, go to section 5. 


Activity Exercise 4.1 


For all the variables in this section, the universe is the 
set of rational numbers. 

For a condition of equality involving addition, there is a 
related condition involving subtraction; and for a condition for 
equality involving subtraction; there is a related condition 


involving addition. 


Carefully read the following example and comments: 


3 = 34 
1; + a= 35 
ap 3b is 12 - related condition involving 
Zz 4 subtraction with 'a' alone on one side. 
az=2+ = - - - subtracting whole numbers and 
IES numbers named by fractions. 
= 1 + 12 - - - borrowing 1 from the 2. 
SS 
seg eae 
| 
or Z 
= 17 - mixed numeral. 


182 


Se Ae 
We must check the answer. Does 1; - 12 = 35 2 
Check: + ig- 24243 
=2 +3 
= 2 + 1Z 
a a3 Solution: 1 


i 


1. Solve the following conditions. Check them also. 


3 sthes Ses 
a) 27 +n = 35 b) b + 45 = 65 


Carefully read these examples and comments: 


ae 12 Ages ~ related condition involving addition 
6) REUES with 'n' alone on one side. 
Ze aS 
nies 3 + nm 
% ea s 
Ly 
= lek 12 
=1+ 13 - change to a mixed numeral. 
cl aed 
Pa yfite 
Pepi reais hae 
Teens dy 
Ss = Dep Steele 
12. sh2 
LS 5 9 
- ew Aare He jen ' ’ 
ent EG 5 15 12 must ‘borrow’ one to subtract. 
17 9 
ev hdualt apis 
8 
= L + iz 
8 
ee. 
= 15 - change to a basic fraction. 
) 


Solution: 2-— 


——= eee le —— ee 


. = 
b) 43 - b 
ee 
43 
b = 
ip 
Check: 
Solution: 


2 
23 + b 
We - 22 
eer 
24-3 
ler ot -3 
1 + o 
Lie 

We - 14 
3+ - =f 
2+ it 7 
see es 
255 
2 

ini 

12 
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related condition involving addition. 

b is NOT alone on one side - another step 
is needed. 

related condition involving subtraction now 
has b alone on one side. | 

subtract whole numbers and numbers 

named by fractions. 


Url Oe) BIg WE Sg 


- must 'borrow’ one. 


CsGeDs is ile 


- need to 'borrow' one to subtract. 


mixed numeral with a basic fraction. 


2. Solve the following conditions and check the solutions. 


a)a- ee = ]> 


a 
8) 


4 2 
b) "9 ibe 33 


- Check your answers with those given at the end of the topic. 


- Read objective 14.1. 
- If you are ready, do CHECK EXERCISE 4A. 
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CHECK EXERCISE 4A 
I4.1 Solve each condition. The universe for variables is the set 


of rational numbers. Write fractions in solutions as basic 


fractions. 


3 ss 5 4 gh 
a) ll7 - r = 105 d) a - 6¢ ory 
irene a $e ee 
b) & + b = 12e e) 1075 n or 
aur 
Cieny a 145 = 217 


~ Check your answers with those given at the end of the topic. 

- If you do not feel sure about solving conditions, or if you 
had more than one part incorrect ask a student helper or ask 
your teacher. 


~ Otherwise, go on to section 5. 
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Summary 


Section l 


Addition and subtraction of rational numbers named by fractions 
is usually done by obtaining equivalent fractions with least common 
denominators and then adding or subtracting the numerators. Answers 


are given as basic fractions. 


Section 2 


A mixed numeral contains a whole number numeral and a fraction. 


Each mixed numeral has a Each fraction with numerator 
corresponding fraction aD greater than denominator has 
42 = (4 x 8) + 3 eighths a corresponding mixed numeral. 
= 35 eighths SPL LL, Sipe) 
bie ot ie 8) 35 = 46 
8 
Section 3 


In addition (or subtraction) of rational numbers named by 


mixed numerals, the whole numbers are added (or subtracted) and 


the numbers named by the fractions are added (or subtracted). 


Section 4 


A solution for a condition for equality is a number, which 
when put in place of the variable, makes the condition a true 
statement. 

Conditions for equality involving addition (or subtraction) 
of rational numbers are solved by finding (related conditions 


with the variable alone on one side. 


Section 5 


Addition and subtraction of rational numbers are used to 
answer questions about every day situations. Most examples are 
done by (1) finding the relationship between what is asked and 

what is given. 
(2) obtaining the relationship in mathematical form and 
doing the indicated mathematical work to get a 


mathematical answer. 


(3) Using the mathematical answer to answer the original 


question. 
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Section 6 





Section 7 


Multiplication of rational numbers is done as follows: 


ae Cc Ear xe 


Dit OU eee Desa 


When mixed numerals or whole numbers are involved, their 





corresponding fractions are used. Answers are given as basic 
fractions. Reduction to basic fractions is done by dividing 


numerator and denominator by their common factors (cancelling). 


Section 8 


The reciprocal of a number is another number whose product 
with the given number is l. 

The reciprocal of a non-zero rational number is obtained by 
interchanging the numerator and denominator of the fraction for the 


rational number. 


Zero has no reciprocal. 


Section 9 
To divide by a non-zero rational number, you multiply by 
its reciprocal. 


It is not possible to divide by 0. 


Section 10 


Conditions for equality involving multiplication of rational 
numbers can often be solved by finding related conditions involving 


division of rational numbers with the variable alone on one side. 
Also, in conditions for equality in which the variable is multiplied 


by a number, the variable can be obtained alone on one side by 


multiplying both sides by the reciprocal of the number by which the 
variable is multiplied. 
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Section ll 


To answer questions from everyday situations by mathematics 
we usually find the relationship between what is asked for and 
what is given. The mathematical form of this relationship is 
called the mathematical model for the situation. The mathematical 
model is often a condition for equality. The solution for this 


condition for equality is used to answer the original question. 


Section 12 


The rational numbers are closed for addition and multiplication. 
Addition and multiplication of rational numbers are commutative 
and associative. 

0 and 1 are the identities for addition and multiplication 
respectively of rational numbers. 

Multiplication of rational numbers is distributive over 
addition. Non-zero rational numbers have reciprocals. This is 


a property of rational numbers which whole numbers do not have. 
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Vocabulary 


analyse - with respect to a question about an every day situation 


it means to find the relationship between what is asked 


for and what is given. (page Jsection.5, p 2) 
application - use of mathematics to answer a question about an 
everyday situation. (page ) (section 5,p 1) 
associative - the property of an operation which permits a change 


in the grouping of the numbers to not affect the 
result (page ) (section 12,p 1) 
binary - a binary operation is done with just two numbers at a 


time. (page pacsectioneiz, p 4) 


cancel - to divide numerator and denominator of a fraction by a 
common factor. (page ) (section 7, p 3) 
closed - the property of an operation which states that the 


number resulting from the operation is in the same set 
as the numbers the operation is done with. (page ) 
(section 12, p 1) 
commutative - the property of an operation which permits a change 
in the order of the numbers to not affect the result. 


(page ) (section 12, p 1) 


complex fraction - a fraction like = which represents 
Ze 3 i 
a 74 
condition for equality - a mathematical statement involving a 
variable and the = symbol. (page ) 
(section 4, p 1) 
difference - the result of a subtraction. (page } eections. 
Objectives) 
distributive - a property of multiplication and addition of numbers 
(page ) (section 12, p 1) 
L.C.D. - least common denominator. (page ) (section 1, p 2) 


mixed numeral - a numeral involving a whole number numeral and 


a fraction. (page ) (section 2, p 1) 
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34 
model - the mathematical form for a relationship. (page ) 
(section 11, p 1) 

operation - addition, subtraction, multiplication and division 

are examples of operations. (page ) (Introduction) 
product - the result of a multiplication. (page ) (section 7, p 1) 
property - a characteristic or quality. (page ) (section 12, p 1) 
quotient - the result of a division. 
reciprocal - a number whose product with a given number is l. 

(page ) (section g, p 1) 
related condition - a condition with the same solution as the 
given condition. (page ) (section 4, p 1) 
replacement set - the set of numbers which a variable can represent; 
same as universe. (page ) (section 4, p 1) 

solution - a number which makes a condition a true statement. 

(page ) (section 4, p 1) 
solve - the process of finding the solution to a condition er 

problem. (page ) (section 4, p 1) 

sum - the result of an addition. (page ) (section 4, p 1) 
universe ~- the set of numbers which a variable can represent; 

same as replacement set. (page ) (section 4, 6530 
variable - a letter which can represent any of the numbers in 


a given set. (page ) (section 4, p 1) 





Review Exercises Topic II 


Operations with rational numbers 


You have completed the study of Topic II. It would be nice 
to know just how much you have learned in this topic. To do this 
you take a test, but before you take the test you should carefully 
review what you were expected to learn. To help you with this 
review we have prepared a set of exercises. If you have difficulty 
with any one of the exercises you should go back and review the 
appropriate objective (pink pages) and its development (white pages). 
The appropriate objective(s) for each exercise is (are) shown in 


the left margin next to the exercise. 


I1l.1 Find the sums and write each ys 
as a basic fraction: 10 

[pO ey i 

A. Cute a. 5 

=) 

12 

i 

u 2 


I1.2 Find the differences for the following and write each as a 


basic fraction: 


5 

fis — 

A. OF eat 4 B. 12 
_ 3 

10 


I2.1 A. Write a mixed numeral for each of the following fractions 


83 257 
i) 6 ii) 8 
B. Write the following mixed numerals as fractions: 
3 3 
a) oS ii) 153 


12.2 A. Justify that the mixed numeral for 43 is 53 ‘ 


B. Justify that the fraction for 7 is 2. 
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I3.1 Find the following sums and write the fractional part as a 
basic fraction: 3 
7 iit eet ie 
8 4 2 4 1 
L6é— 
3 
5 
+ 
155 
I3.2 Find the following differences and write the fractional part 
as a basic fraction: 
4 5 J, 
A. 85 ic 475 nL.G 
5) 
as8s, 
I4.1 Solve each condition and write the fractions in the solutions 
as basic fractions: 
5 = 3 5 
A. 35 neh le B. n- i0 13 
I5.1 John went on a hike. He covered a total distance of 22 
miles. Yet when he came home he declared that he had walked 
only 15 miles. When questioned about this statement he said 
that he had run +2 mile. Was John correct when he said that 
he had walked 1= miles? 
a: 
I6é.1 Show by diagrams how you can obtain Z of 5° 
I7.1 Find the basic fraction for each product: 
49 27 55 14 3 
A. 66 * 35 * 63 Bian 75 x 6— 
I8.1 i) Give an example that illustrates the property which a 
number and its reciprocal have. 
ii) What is the reciprocal of 1? 
iii) Write a whole number other than one and give its reciprocal. 
iv) Give the rational number that has no reciprocal and explain 


why it has no reciprocal. 


19.1 Find the quotients of the following pairs of rational numbers: 


AY 


iene, 
7 * 37 Bis 


192 


£41 


7 


19.2. Explain in terms of reciprocals why pis 0 is not possible. 


EIQS1 


LL 


Pe ek 


f12.2 


WY? 


Solve each of the following conditions: 


IN 


1 5 ees aegis 
rey MaNee Beige en 


A dealer bought a motor bike for $1200. He added = 


of this cost to determine his selling price. What was 
his selling price? 


Two sides of a triangular flower bed are 12 yards and 


2> yards long. The perimeter of the flower bed is 8 
yards. What is the length of the third side? 


An inch is about 2= centimeters. How many inches are 


there in 26 centimeters? 


Give a numerical example which illustrates what is meant by 


each of the following statements. (one example for each) 


(a) 
(b) 
(c) 
(d) 


the set of rational numbers is closed under addition. 
addition of rational numbers is commutative. 

addition of rational numbers is associative. 

the set of rational numbers has an identity element 


for addition. 


Show what is meant by each of the following statements by 


giving a numerical example for each. 


(a) 


the set of rational numbers is closed under multiplication. 
multiplication of rational numbers is commutative. 
multiplication of rational numbers is associative. 

the set of rational numbers has an identity element 

for mitiplication. 

rational numbers have the property that multiplication 

is distributive over addition. 


every non-zero rational number has a reciprocal. 


State a property of multiplication of rational numbers 
which the whole numbers do not have for multiplication. 
Give an example to illustrate this property of the rational 


numbers and one to show that the whole numbers do not have it. 


an 
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CHECK EXERCISE 1 
67 95 GE 41 77 
T1.1 a) 50 b) 73 c) is d) 20 e) 30 
dpe eh 2 27 1l 
ree a) 5} b) 10 a) 18 d) ZO e) 2 


Activity exercise 1.1 
6 
1 a) 5 


ri 187 
iv) 63 v) 


70 


iii) 22. iv) v) ir 


Activity exercise 1.2 








b) 4) z ii) Z iii) = av) 2 c)i) 2 i4)2 


4)i) = 


a 44 
6 did) 15 


2 47 9 
i) 0 iit) 40 6) Tj e211) 8 
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Piet 3.) 9 b) 100 c) 12 d) 6 e) 7h 
1 3 7 5 3 
I1.2 a) + b) io o) 4 d) a8 e) To 
CHECK EXERCISE 2 
2 1 2 6 i, 
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7 19 19 40 43 
ti) a) 7 b) = o) Ti d) 0) e) 3 
15a eae 22 ee 
et oes Pe eihe rr) at 
nai en Re, 
Pe cami io ees 
= desta Shite TheT 
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Ben eae Sa ae, 
4 ft 
wy 38 = 35 
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CHECK EXERCISE 2A 
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Activity Exercise 3.1 
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ibe 35 Zhe 355 Sel) ly b) Od c) 23 d) 16 e) 27 
CHECK EXERCISE 3A 
3 19 13 43 41 
Us Fag Oe: a 135 b) 15 554, : bags ti 1257 e) 1075 
: une 11 
ses) 17 b) li c) 3 d) : e) 12 
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CHECK EXERCISE 4 


wey Apes cen Shale ih 
TA sioay: pes 30 b) a= a8 Cin 3 dy 127 e) a 135 
Activity Exercise 4.1 
- 34 mp e = sil es 
l.a) n = 35 b) b 255 ,2a) a STs b) b = 19 
CHECK EXERCISE 4A 
eg ee aes a 3 rete 
14.4 a )ore= 1s b)b 43 c) y 650 d) a 1559 e) n= STG 
CHECK EXERCISE 5 
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Activity Exercise 5 
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CHECK EXERCISE 5A 
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CHECK EXERCISE 6 


I6.1 1) 






FZ of region 


ity) 


<< ee 


197 
242 


Answers to Review Exercises TOpLC ALT 








83 109 
1 AZ B. =e 
3 7 
I1.2 A. 59 B. => 
Suhel ND ea Boe yl 23 
Ben A a xk) 135 Mec tis) 325 B. i) 5 ii) 3 
ASAD 3) iat 
12.2 a, 3-42 B.7e-74+¢ 
402853 races 
Goa 8 Tegel 
sci feria 3 24 
aes Raa Paes s 
3 a5en a 
= + — = —_ 
EOL g Snas 
Hue) Sod: 
on 5 
3 13 
13.1 A. 145 B. 6455 
53 23 
13.2 A. 422 B. 3S 
ee! esi 
I4.1 A. n= 252 Bon= Fo 
5s Yes 
ike 
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3x += 1 any fraction can be used to illustrate this property 
al 


iii) can be any whole number, i.e. 1.33 A 


iv) O has no reciprocal; 0 = ? and there is no number by 
which o can be multiplied to give 1, for ? times any 
number is 0. 

OR. The reciprocal of 2 is <, but * has no meaning 


since we cannot divide by 0. 
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Toe2 


PLO ch 


nie to Wea | 


Eee 


PLZ a2 


112.3 


= 2 > 
A. = 2 B. 8 


a: 0 can be solved by converting to the corresponding 


multiplication and get x =, but = does not exist and 


hence we cannot get the multiplication example. Therefore 


the division is not possible. 


A. a - B. n -2 

A. selling price is $1400; B. 3,4 yards; C. 10> inches 

Examples which show the same ideas as: 

a) cig De re and AGT. a rational number. 
SWC a ea ope ey) 

dada ded 

o G+ begede Ged 

dy 2+0-2 

Examples which show the same ideas as: 

a) 3x 2 = > and > is a rational number. 

mixdeded 

0 Gr bxl= 2edel 

a) 3x1-2 

oixGeb-Geb+ Gul 

f) reciprocal of 2 is 2. 


a) A statement which gives the same idea as: Every non- 
zero rational number has a reciprocal. 

b) Examples which show the same idea as: 
3 


3 Stee) 
5 and 3 are reciprocals for 5% 3 1. 


3 has no reciprocal for there exists no whole number 


by which you can multiply 3 and get one as an answer. 


Et 


Eee 


Bek 
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Topic II - Operations With Rational Numbers 


Post =- Test I (Form C) 


Show all your work in the spaces provided for this purpose. 
Place your answers or solutions on the lines ( ) provided 


for this purpose on the right hand side of the page. 


Your items will be marked wrong Oe your solution does not appear 


in the space indicated. 
Work carefully and do not spend too much time on any one item. 


All items should be attempted. 


Find the sum for the following and write it as a basic fraction: 


ee ce eal 5 
Ae sitei2 90° 30 By 55 
3 
i rt Py. ) 
5 
“5 fist Be ) 


Find the difference for the following and write it as a 


basic fraction. 


6 5 7 
‘gee ek, 
ea 
i Ili 25h. ) 
Lie2 fa Bent ) 
A. Write the following as a mixed numeral: 
. 105 : 
i) “5 BZ dep oats) nC 
ii) — B2 gleaGbc1i9..( 


B. Write the following mixed numerals as fractions: 


i) 17% Bly laswb ee 1 ot 
ii) 182 Bo tie berit) a 


a 





a 4 eee Rh acs ok nits 
ee Pek “aod Bi, ma susie pd ; J 
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I2.2 A. Show, using fractions, that the mixed numeral for 





102 oe 4 
5 is 145 
‘ . : ' ye ae 
BowiUse) fractions tosjustity that the fraction for 1073 is 73: 
B3.1 Find the sums and write each as a mixed numeral with the 
fraction parts as a basic fraction. 
A. 152 B. Se + St 4 58 
Boel = A. ( 
3 
sa 
BSigll aa Be ( 
13.2 Find the differences and write the fraction parts as 
basic fractions. 
5 3 
Ae 15 - = iY: me ( 
phone 
: 10 
-12 = 13.2 - B. ( 





I4.1 Solve the following condition and write the fraction 


im che, solution as a basic fraction. “Show ehercheck. 


5 5 
Neste S a 


Larcte ( ) 
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TOPIC II (OPERATIONS WITH RATIONAL NUMBERS) 
PHASE II 


BASIC LEVEL 


Students who achieved less than half of the objectives in 
Phase I are given this material. It is prepared to let you work 
at the level of difficulty which suits you. Using it will help 
you prepare for the next test. 


On the next test, you will be expected to answer only those 
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questions which relate to BASIC objectives that you did not achieve 


on the test you have just written. If you achieved an INTERMEDIATE 


objective, you will not have to work on the basic objective with the 


same number, (For example, if you got the question relating to 
objective 13.2 correct on the first test, then you have already 
achieved objective B3.2). 

Use your record page to tell you which objectives you have 
not yet achieved. Use your new flow chart to guide you through 


Phase II and to keep a record of what you have done. Use the 


objectives in phase I materials to help you know what you have 
to learn. Use the following activities and exercises to practice 


your skills for the objectives you have not achieved. 
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BASIC LEVEL 


OBJECTIVE Bl 


For each of the objectives in section 1 that you did not 


achieve do the following: 


- Read the objective and the corresponding description. 


- Do the appropriate exercises and CHECK EXERCISES on these pages. 


Bl.1 Addition of rational numbers named by fractions. 


B1l.2 


To do the addition at the left: 


2 4 ++ “ (1) Find the least (smallest) number which 3, 
2 and 9 divide into; i.e. the least common 
multiple of 3, 2 and 9.) le is 1S.) ihie 
is the least common denominator. (L.C.D.) 


(2) For each fraction, find an equivalent fraction 
with the common denominator of 18. 








30, 9, 8 5 5x6 30,1 129 94 Gone 
16") te, 7) Lo SJ PEO LE 2 2x. 1s eee 
47 (3) Add the numerators. 

18 


Find the following sums, and write each as a basic fraction: 


il 2 4 2 (remember to find the least common denominator 
for each fraction and to form equivalent fractions 
with this L.C.D.) 
Ds + + 2 (You must find the L.C.D. for all three fractions). 
6 Ag o ry ee tu 
3. reas hen To 6. eo 7. 8 
2 ai 5 1 iS 
ars i i atid keae 4 
S| if 3 3 5 
Sahat e a ved ae 


Subtraction of rational numbers named by fractions. 


To do the subtraction at the left: 
(1) Find the least (smallest) number which 6 and 10 








3; 3 divide into; i.e. the least common multiple of 
6 10 6 and 10. It is 30. This is the least common 
denominator. 
(2) For each fraction, find an equivalent fraction 
with the common denominator of 30. 
ue es 55'S abbey Wis ON ea ae 
aie GeO es, | 20r LOneLOT naman 
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£B2 
16 (3) Subtract the numerators. 
> 30, 
8 
= Ts (4) Give the answer as a basic fraction. 


Find the differences, and write each as a basic fraction: 


1 3 _1 (remember to find the least common denominator 
10:4 3 for each fraction and to form equivalent fractions 
each with this denominator.) 
>, 4_3 (Again the L.C.D. must be found before subtracting). 
st 75e x84 
5 5 
Sa ere 3 amt 
: 4 6. 8 =| | 7. 3 
ile Fg Oar a 3 
6° 8 eyed aa 
Ryan gS 
i 9 6 


- Check your answers with those given at the end of the topic. 


- Do the required parts in CHECK EXERCISE Bl. 


CHECK EXERCISE Bl 


Bl.1 Find the sums and write each as a basic fraction: 


aT ny ee 1 3 
a) Zitg +5 d) > e) Z 
Ce PR 3 1 
biey t 7 as 8 2 
Cy tee re 3 TH 
Cig Pala “er cere 








Bl.2 Find the differences and write each as a basic fraction: 


cele 7 5 
8) oS Ors ae) 9 

ees 3 3 
7-3 reir mas 
one 

Sa 


- Check your answers with those given at the end of the topic. 
You were successful on CHECK EXERCISE 
Bl.1 if you had at least 4 of the 5 parts correct. 
Bl.2 if you had at least 4 of the 5 parts correct. 
- If you are not certain how to add or subtract rational numbers, 
or if you were unsuccessful on a CHECK EXERCISE, consult your teacher. 


Then do the appropriate exercises that follow. 


- Otherwise, go on to your next unachieved objective. 


EXERCISES Bl 


Bl.1 Find the sums and write each as a basic fraction: 


nee pals 1 5 
azhet py 4) in Fi e) 8 
827) + Sgn, 3. gs 
Bis palais iu oa 5 6 
fs grb ie MES. 3 2 
CS av ER a prowl 





Bl.2 Find the differences and write each as a basic fraction: 


c) 


Aynaee, 3 2 
EEG aes SUG 

5 aL 2 3 
385 = ea 7a 

So ok 

5 4 


- Check your answers with those given at the end of the topic. 


- Go on to your next unachieved objective. 
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AOS, 
OBJECTIVE B2 
- Read objective B2.1 and its description in section 2. 
- Do the following exercises. 
1. Write the following fractions as mixed numerals: 
OM ee O eer oe 1 
1 en ee ehearan ree 
2) 2 (remember 3 + 3 3+ 3 
er #4.) 30 i.e. 3 
b) = (remember: He heey = 
3 SS POSE een 7 waza 
3° rem. 2 2 ) 
or. 3)11 1.e. 33 
ikl 15 
c) 8 £) aie 
22 33 
d) = 8) Ip 
e) 2 
2. Write the following mixed numerals as fractions: 
L 1 ul ele 
a) 35 (remember: 35 Set 2 = 2 ar > = 
or pa Se: ae 6 halves + 1 half — 
2 2 2) 
4 4 4 10 
b) 25 (remember : ze 2+ 5 5 + 
4 4 14 
or ae = 2 +s = 10 fifths + 4 fifths = 14 fifths = a 
2 3 
c) 15 £) 35 
2 3 
d) 6; g) ly 
e) 5 


- Check your answers with those given at the end of the topic. 
- Do CHECK EXERCISE B2. 


CHECK EXERCISE B2 


B2.1 i) Write the following mixed numerals as fractions: 


2 
a) 35 d) a 

2 i 
b) 1g e) 35 


206 
2BS 


B2.1 ii) Write the following fractions as mixed numerals: 
11 13 


a) qd) 

15 L7 
b) = e) 3 
c) 22 


- Check your answers with those given at the end of the topic. 

- If you are unsure how to do the above exercises or if you had 
more than one part incorrect in either question (i) or question 
(ii); consult your teacher. Then do the following exercises. 


- Otherwise, go on to your next unachieved objective. 


EXERCISES B2 


B2.1 i) Write the following mixed numerals as fractions: 


a) 35 d) ae 
b) 5 e) 12 
c) i 
ii) Write the following fractions as mixed numerals: 
a) 2 d) 5 
b) + e) +¢ 
c) = 


- Check your answers with those given at the end of the topic. 


- Go on to your next unachieved objective. 
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OBJECTIVE B3 


For each of the objectives in section 3 that you did not achieve, 
do the following: 
- Read the objective and corresponding description. 


- Do the appropriate exercises and CHECK EXERCISES. 


B3.1 Find the sums and write each as a mixed numeral with fractional 


part as a basic fraction: 








a) 1; (Remember: 7; = 2 +z 
Sat om ae: 
b) 72 + se (Remember : 72 + ue = 7 + 2 + 4 +4 
-u+? 
ell+ 
ae ) 
c) 65 + SE + 9 f) o> 8) ose 
4) a2 +132 + 3.7 ot me 
e) 75 + 52 + 2% +17 = a 3 3 








B3.2 Find the differences and write each as a mixed numeral with 


fractional part as a basic fraction. 


es a? 
a) xT = 5+ 12 
PR ins teas 
- 25 = -2 
3} at goby ™ ony 
(5-2) 
1 3 1 3 
WeGriheorn Spl cert air 
cages 
= 2 + 1; Z 
3 
sD tee 
= 2+— 
1 
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4B? 
3 ah 1 _ 452 
c) 6s d) 14- e) 19> ey 
3 i 2 
<SF a 135 £) 9 =. a3 





- Check your answers with those given at the end of the topic. 


- Do the required parts in CHECK EXERCISE B3. 


CHECK EXERCISE B3 


B3.1 Find the sums and write each as a mixed numeral with 


fractional part as a basic fraction: 


EE es 1 1 
a) 62 + 42 + 52 a) 175 e) 35 
3 Le 52 ot 
b) 10- + 4-— + 2= 6 16 
hai. es ° : 
+ 4b +i 
4, 93 3 2 2 
6) Feet as, ae 





B3.2 Find the differences and write each as a mixed numeral 


with fractional part as a basic fraction: 


A are: 1 3. 

a) +5 33 d) oF e) 3 5 

5 9 

eee, 1 a elas 

b) a 2 8 10 
3 7 
Pty he 


- Check your answers with those given at the end of the topic. 


You were successful on CHECK EXERCISE 
B3.1 if you had at least 4 of the parts correct, 
B3.2 if you had at least 4 of the parts correct. 


- If you are unsure how to add or subtract with mixed numerals, 


or if you were unsuccessful on either CHECK EXERCISE; consult 


your teacher. Then do the appropriate exercise that follows. 


- Otherwise, go on to your next unachieved objective. 


EXERCISES B3 
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B3.1 Find the sums and write each as a mixed numeral with fractional 


part as a basic fraction. 


iL 1 
a) 30 + s¢ + i 


3 


b) 85 + 704122 


4 
3 


2 
c) 3 i coed AS org 89 


i 


B3.2 Find the differences and write each as a mixed numeral 


d) ll e) 


with fractional part as a basic fraction. 


2 3 
a) 63 - 25 

i 2 
b) aie 33 

3 5 
€2at Bane 12 


- Check your answers with those given at the end of the topic. 


1 1 
d) iy e) 77 

2 5 
Te aac 





- Go on to your next unachieved objective. 





210 
RBI 


OBJECTIVE B4 


- Read objective B4.1 and the corresponding description. 


- Do the following exercises. 


B4. 


1 


Solution of conditions for equality in which the universe 


or replacement set for the variable is the set of rational 


numbers. 
3¢ + n= sy To solve the condition at the left: 
n= 55 2 (1) form the corresponding condition involving 
subtraction. 
~242-H 
15 15 (2) do the subtraction. 
Py dele) 
aA Gam Secs 
8 
1T5 
Check: at + = (3) check the solution by replacing n. 
iy, 8 
e44+75 +75 
Warr 
=4 + 15 
see: 
22715: 
iL 
za 


Solution: (4) Give the solution. 
Solve the following conditions of equality and write fractions 
in solutions as basic fractions. The universe or replacement 


set for each variable is the set of rational numbers. 


4 3 
a) Ue +n o 
7 ge sl 72 form the corresponding condition 
15 involving subtraction. 

-U_ 16 

20 $° 20 
== 
Check: 


Solution: 
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(remember: form the corresponding 


condition involving addition:) 
»-[ [oO 


c)' nit 73 oF e) 145 n+ 107 
d) 145 n a Den 63 1% 


- Check your answers with those given at the end of the topic. 
- Do CHECK EXERCISE B4. 


CHECK EXERCISE B4 


B4.1 Solve the following conditions of equality and write the 
fractions in solutions as basic fractions. The replacement 


set or universe for each variable is the set of rational 


numbers. 
Bh alae 2 
a)n- 87 = S d) 85 n+ 65 
1 ee: 2 des 
b) 6g + n = 3 e) 5 n+ 2a 
$! 1 
c) n ~ 47 25 


- Check your answers with those given at the end of the topic. 

- If you are not sure how to solve these conditions, or if you had 
more than one error; consult your teacher, then do the following 
exercises. 


- Otherwise, go on to your next unachieved objective. 


EXERCISES B4 


B4.1 Solve the following conditions of equality and write the fractions 
‘f 
in solutions as basic fractions. The replacement set or 


universe for each variable is the set of rational numbers. 
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a)n-25 5 


1 3 
b) 16, n- 127 

Lge 3 
c) 9 =n + 6 


- Check your answers with those given at the end of the topic. 


3 3 
d) 43 +n sf 


1 Zz 
Slabemizag ans 


- Go on to your next unachieved objective. 
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Answers 
OBJECTIVE Bl 
ROMO ot ee eree st ashy eaele us 12 1045.37 
eee Sele Seu oo et 36,728 °* 20° 20° 20° 20 
ue 
LG 
_2 i 2 BD _l Op Sar tg 2) 
Bl.2 1 12 Die 20 Sie 24 (sha 24 5¥ 18 6. 8? 8?” 8 Ts 8 
CHECK EXERCISE Bl 
aly 81 43 13 8 
Biscte a) 3 b) 20 c) oyn d) 3 ea 
1 7 all 5 19 
Bile2 a) I> b) 8 c) Ts d) ia e) To 
EXERCISES B.1 
23 37 27 8 ow 
BLS a) 12 b) Oh c) 16 d) 5 e) 2h 
2 Aa i, uf 1 
Bi. 26) a) 5 b) 8 c) 30 d) iz e).57 
OBJECTIVE B2 
1 2 3 1 1 3 3 
B2et. 1 .x.a)) 33 b) 33 c) 13 d) 35 e) 25 £) 37 2) 350 
yi 14 a 20 15 24 LY 
2. a) 5 b) = ¢) 3 ot Migr. eer > os 
CHECK EXERCISE B2 
17 ie 5 24 13 
Bee) Oo) eet byeceerac) 50d) a, 
3 v 1 al 1 
£45) a) aT b) 13 c) oF d) 43 e) 25 
EXERCISES B2 
7 53 13 Ly, 11 
Boal hl) 2 eae) 10 c) 10 d) mn e) ; 
4 i Ey 2 Ee) a 
£1) a) 33 b) le c) 25 d) 2a e) ae 
OBJECTIVE B3 
3 1 11 oa ue 3 
B3.1 a) oF b) 12, c) 2075 d) 2659 e) 15 £) 3155 g) 2256 
Basil Sel bade 5 ug: 11 a 
Baeza) 12’ 12” 375 b) me c) le d) 155 e) OF f) 33 
CHECK EXERCISE B3 
ib 2 iy 2: vp 
B3.1 a) 1/7 b) 173 c) 1855 d) 273 e) Wa 


at 7 i. a ue 
BS e2).a)) 25 b) TF c) 105 d) 13 e) 159 
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EXERCISES B3 


11 7 13 8 

B3.1 a) 15> "12 b) 285 c) 2736 d) 27753 e) 325 
ty eit i > 

B3. 2a) aot b) 475 c) soo d) 479 e) 275 


OBJECTIVE B4 


B4.1 a) 52, 3 ake b) 2 + 6, 245; n= 82 c) n= 28 
d)n= 242 e)n= 3S f) n= 142 
CHECK EXERCISE B4 
B4.1 a) n= 16% b) n= 1S c) ns iS dy ms 2 vente 55 
EXERCISES B4 
B4.1 a) n= 72 b) n = 297 c) n= 25 4) n= 15 e) n= 14 
OBJECTIVE B5 
B5.1 a) n= +set+ti ptHt+e ~, oF 9-> inches 
b) 497=4bs. c) s-~ gal. d) 6zhr. e) 2 inch £) 24 o2 


CHECK EXERCISE B5 
= 


B5.1 a) 145 1b. b) “he yd. c) 105 in. d) 9 in. e) = 


8 


EXERCISES B5 


5 1 3 11 1 
B5.1a)2mi. b) 321b. c) Sib. 4) 145 1b. e) 355 
OBJECTIVE B7 
1 2x9 We oo a0 96 eA 
Blade aie ear a0.) eo 3 see ot Goan Se Ca RTOs OO 
By 6 eee ee) 19 h) = i) oe 4) 21 


CHECK EXERCISE B/7 


Meee + b) 5 Eyaeemd Ws eee) 206 
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TOPIC II (OPERATIONS WITH RATIONAL NUMBERS) 
PHASE II 


INTERMEDIATE LEVEL 


Students who achieved between half and nine tenths (90%) 
of the objectives in Phase I are given these materials. 

Your job now is to master all of the objectives that you 
have missed. 

On the next test, you will be expected to answer only those 
questions which are related to objectives that you did not achieve 
on the first test. 

Use your record page to tell you which objectives you need 

to work on. 

Use your flow chart to guide you through Phase II and to show 

what you have done in Phase I. You may want to do some of 

the parts you left out during Phase I. 

Use your phase I materials to relearn the ideas for objectives 

you have not achieved and to give you examples of the type 

of questions you need to be able to answer. 

Use these exercises to practice your skills so that you will 


be able to achieve all of the objectives. 
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INTERMEDIATE LEVEL 


For each of the objectives you did not achieve on Post Test I, 
do the appropriate exercises and check your answers with those 
given at the end of the topic. Review the appropriate material 


in Phase I before starting each exercise. 


OBJECTIVE I1.1 


Find the following sums and write each as a basic fraction: 


Gael buon 4 4 
UNC ITR, “s hj Sys 
Son ee 5 3 
Daa lag 12 20 
BS Ns 2 5 
Cea at Gang Codie Tag. 


OBJECTIVE I1.2 


Find the differences and write each as a basic fraction: 


we 14 17 
eR. 2 or e) 34 

ee gh i 3 
by ae 7 Pome Geis 
Se 

1 eo 


OBJECTIVE B2.1 


i) Write the following mixed numerals as fractions: 


1 L 
a) 35 d) AT 

3 5 
b) To e) Ur 
c) 14 


ii) Write the following fractions as mixed numerals: 


25 19 
a) =e d) 5 

Lt 34 
b) Te) e) 5 
c) ce 


ya 


RI2 
OBJECTIVE I5.1 
Solve the following applied problems: 
a) Carol worked as a babysitter one summer. During one week she 
worked 35 hours on Monday, 4= hours on Tuesday, 2 hours on 
Wednesday, 5= hours on Saturday and 355 hours on Sunday. How 
many hours did Carol work during the week? 
b) Four sections of a highway totaling 15= miles are to be built. 
Three of the sections measure che eS and te teller, What is the 


eS) 


d) 


e) 


5 6 
length of the fourth section? 


John, who weighed 1357 pounds, went on a diet. After the first 
week he lost 2= pounds. However, during the second week he gained 
12 pounds. How much did he weigh at the end of the second week? 


A group of scouts joined short lengths of rope together in order 
2 


18 inches, and 43 ft. How many feet long was the joined rope? 


(Allow 1 foot for the knots.) 


ye 
to descend a steep bank. The lengths measured On Fe Pe. 


George and Bill leave their respective homes, 32 


planning to meet half-way. George walked > of aGile then 


miles apart, 


stopped to chat with a friend. He was still talking when Bill 


stopped for a bottle of pop 1= miles from his home. How far 


apart were the boys when they both stopped? 


OBJECTIVE 16.1 


a) 


b) 


Show by diagrams how = of > can be obtained. 
Show by diagrams how OAs = can be obtained. 


5 


OBJECTIVE I7.1 


Find the following products; 


a) 
b) 


c) 


Senay 4 oon ye 2% 
9 of 3 d) is * 225 x 23 
ee ty oe A ees 
g of oT e) 2 “8 35 x a7 * 3 
rel 3h x 22 


ine) 7 8 


OBJECTIVE 12.2 


i)-a) Use fractions to 


b) Use fractions to 


ii) d) Use fractions to 


b) Use fractions to 


OBJECTIVE 13.1 


Find the following sums 
fractional part a basic 


3 4 
+ 137 + S 
jd 3 7 
b) 1255 a 197 + wy 
c) 


a) 9 


= 5 S, 
476 7 179 + 1075 


OBJECTIVE 13.2 


justify that the mixed numeral for 


justify that the mixed numeral for 


justify that the fraction for 


justify that the fraction for 


and write each as a mixed numeral with 


fraction: 
A 7 
d) oT9 e) 115 
4 5 
5 3 
~ e 6 + 47 








Find the differences and write the fraction parts of the mixed 


numerals as basic fractions: 


7 8 5 
a) 3T7 7.39 d) 85; 

7 5 7 
b) Limes pide 
ec) 7- ae 


OBJECTIVE 14.1 


Solve the following conditions of equality. 


ilk 
e) 123 
eee 


ae 


The universe or 


replacement set for each variable is the set of rational numbers. 


ee a 
a) 39 = nt ar 
1 Rein 
b) le + p = 43 
5 5 
c) m 476 179 


7 
d) 12T5 


e) oF = 


= 


a 


————<—<— = ~~ 


Answers 


OBJECTIVE [1.1 


b) 







64, WO Wa 
REPO _| 


LT OW 
Sn ASKS 

OCy 

OK 





SOOO 
wots ate wen 
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143 67 145 179 by 
Soe Ao oo yao? 9) Teo 8 & 
OBJECTIVE 11.2 
13 i 33 22 25 
aso reson eg. (°). 75) 1 ena 
OBJECTIVE B2.1 
7 53 ll 17 47 
=) a) > b) i0 c) 3 d) e) 6 
| 1 5 1 5 4 
Li)” a) 35 b) 73 c) F d) 25 e) es 
OBJECTIVE 12.2 
Dole te Genie kh 155 SRAM yet 
Dit) ee eh = 4 tm oe 
Pe GCE os Nag Rina a Bie ieee 
O. aaa gee erg no a 85 
ai 2 sa 2 37 
di) a) SF HS +5 7 ts 5 
She Diet 2ee ed 45) 
Lahde —| MNOS colar ae atlas 
OBJECTIVE 13.1 
13 1 “Al 4 313 
Bot ee Oe cy 27, | od) 2ie- e) 17 
OBJECTIVE 13.2 
os 17 3 37 25 
a) 13% b) 73 c) 2c d) 478 e) Se: 
OBJECTIVE 14.1 
1 23 15 16 eae 
a) n= 1 b) p = ayn c)m = 21577 d) a = 2275 e) z= 12 
OBJECTIVE I5.1 
13 2 29 syle 21 
a) 1935 hr. ): tee mich Peyas4ee Ib hd) li itt. 6 8) de md les 





220 
£18 


OBJECTIVE 17.1 
ts a oF 
SLD) F c) on d) 16 e) 3 


OBJECTIVE 18.1 
i) The product of a given number and its reciprocal is one. 


ii) a) 3 b) t Cy Lise ee e) + 


iii) Zero does not have a reciprocal as there is no number which 


multiplied by O gives a product of l. 


OBJECTIVE 19.1 
2 4 he 3 
a) an b) 45 c) 3— d) 64 e) 0 f£) 24 8) 7 


OBJECTIVE 19.2 
as 


a 5 is not possiblegto divide, we replace the division by multiplication 
by the reciprocal of the divisor, and 2 does NOT have a reciprocal. 
OBJECTIVE 110.1 
4 = ot = 92 = jt = 1,2 
aya ay 225° ab) 'p 2 Gd 25 reel lz e) a= 1% 
OBJECTIVE 111.1 
a) 9 bags ob) 260 mi. c) ag d) 5 cups 
9 3 
e) 5155 dollars f) 35 
OBJECTIVE 112.1 
De eRe TL? 25 
CT OGRE C2 CRMC NEE 
PAV ie eS | 
, oat Se} or any similar 
2 Zz 
c) Bet 0 = 5 answers 
Fe wee 6. 
aE SER MEE EY: 


OBJECTIVE 112.2 
i) a) commutative b) associative c) identity 4d) every non- 
zero rational number has a reciprocal e) closure f£) zero 
product. 


ii) distributive property of multiplication over addition. 


OBJECTIVE 112.3 
i) every non-zero rational number has a reciprocal. 


ii) 5x __=1 - there is no number to multiply by 5 to get a product of 1. 
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TOPIC II (OPERATIONS WITH RATIONAL NUMBERS) 
PHASE II 


ADVANCED LEVEL 


Students who achieved nine tenths (90%) or more of the 
objectives for Phase I are given this material. 

First, check your record page. If you missed any of the 
objectives there, go back through the materials and relearn the 
proper sections. You will be expected to answer the questions 
that relate to those objectives on the next test. 

In this packet, there are several new objectives that you 
will be asked to achieve. Since there are only a few of these 
objectives, they have been collected at the beginning of the section. 
You should find them more interesting and challenging than the 
phase I objectives. You will be expected to answer questions on 


these objectives on the next test. 


222: 
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OBJECTIVE Al 
To state the definition of a non-negative rational number. 


Criterion: Statement to include the same ideas as: 
"A non-negative rational number is a number named by 
a fraction of the form 2 where a is a whole number 


b 
and b is a non-zero whole number." 


OBJECTIVE A2 


To write the definitions for addition and subtraction of rational 


numbers named by fractions. 


Criterion: Statements including the same ideas as: 


a c 
"For any rational numbers — and q? 


b 
a,cf,ad+be 
Dialed bd 
pores Aes ft eal es of 
peo} bd ; 


OBJECTIVE A3 


To write the definition for multiplication of rational numbers 


named by fractions. 


Criterion: Statement including the same ideas as: 


For any rational numbers = and es 


OBJECTIVE A4 


To write the definition for division of rational numbers named by fractions. 


Criterion: Statement including the same ideas as: 


"For any rational numbers = and 7G 0) 


d 
c 


CN ear 
d b 
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OBJECTIVE A5 


To write the statements or reasons which complete the proof of 


a given property of operations for rational numbers. 


Example: 


For each of the numbered spaces in the proof below write the 


statement or reason which is missing. 


Prove that addition of rational numbers is commutative: 


Let = and 7 be any rational numbers. 
a,clcya 
Prove: b + q q + D 
Proof 
Statement Reason 





@ Definition of addition of rational 
Bip h hla 2) ) HOMER GBa one ew ) 
db 
es + 
db 3 Addition of whole numbers is commutative 
c a 
Geta Col ¢..79a 
t | ienedelaca ME 


i.e. Addition of rational numbers is commutative. 


Criterion: 75% of computations correct. 


SOLUTION 


ad + be 
bd 


Multiplication of rational numbers is commutative. 
cb + da 
Definition of addition of rational numbers. 


@ 
@) 
@) 
® 
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OBJECTIVE A6 


To use the distributive property to obtain products of rational 


numbers. 


Example 


a) Show how the distributive property may be used to simplify 
2 ee 2 7 2 
(a Sig ad Seas 


b) Show how the distributive property may be used to find the product 


1 2 
ea 
c) Find the following product without changing the mixed numerals 
to fractions: 1 
3 
4 
2 
daa 





Criterion: Method correct in each example and no more than one 


error in computation. 


SOLUTION 


pee ee: er Me a ae a 
8) Aao* BP dadanin SoLome Bs aGlseER? 312) 5 ets 









ee eal Zee 1b ae 
b) > 8; > x (8 + oer G x 8) + G x 3 4+ 3 4 
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1. DEFINITICN FOR RATIONAL NUMBERS 


In mathematics, a definition is a statement which tells 
precisely what something means. 


In this section we will see the definition for rational numbers. 


You have seen that each rational number is associated with 
an infinite set of equivalent fractions each of which has the form 
= where a is a whole number and b is a non-zero whole number (or 
natural number). 


e.g. The rational number two thirds is associated with the infinite 
24 6 8 } 
ss 6? 9° Wo Lapis 


This gives us a way of defining rational numbers as follows: 


set of fractions { 


A rational number is a number named by a fraction of the form = 


where a is a whole number and b is a non-zero whole number. 


This defines the sort of rational number which we have been 
using. That is, 0 and the rational numbers associated with points 


to the right of the point associated with O on the number line. 


2 3 Oo gael 
3 2 2 


There are however rational numbers associated with points 
to the left of the point associated with O on the number line. 


Some of these are shown below. 


Note the symbols used for these new rational numbers. 

The two types of rational numbers are distinguished by calling 
those associated with points to the right of the point associated with 
0 the POSITIVE RATIONAL NUMBERS and those associated with points to 
the left of the point associated with 0 the NEGATIVE RATIONAL NUMBERS. 
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You will learn more about the negative rational numbers later. 

0 is neither a positive rational number nor a negative rational 
number. 

0 and the positive rational numbers make up a set called the 
set of non-negative rational numbers (i.e. the rational numbers which 
are not negative). 

The set of rational numbers we defined earlier is actually 


this set of non-negative rational numbers. 


2. DEFINITIONS FOR ADDITION AND SUBTRACTION OF RATIONAL NUMBERS 


In this section we will give definitions of addition and 
subtraction of rational numbers named by fractions; i.e. mathematical 
statements which give precisely the meaning of addition and subtraction 
of rational numbers named by fractions. 

Apart from stating precisely what something means, a definition 
is a general statement which represents all possible particular 
instances of the thing being defined. 

Let's see how the above ideas relate to addition and subtraction 
of rational numbers. 

The definitions for addition and subtraction of rational 


numbers named by fractions are: 


"For any rational numbers = and 5 
a,c ._ad+ be 
b d bd 
(ei ys A pet Ce Ty, 
b d bd 


Note: ad means a x d, bec means b x c and bd means b x d. Pairs of 
letters written together as in the definitions indicate 
multiplication. 


These may not look quite like the addition or subtraction we 
did in SECTION 1, however, they are general statements and do give 
the result for any addition or subtraction example. 
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Check that the sum of 2 and 2 is the same by the definition 


and by the common denominator method. 


Check that the difference of 2 and 3 is the same by the definition 


and by the common denominator method. 





Using the definition, you may not get the result as a basic 
fraction. However, a fraction and its equivalent basic fraction 
do name the same rational number. 
- Either the definition, or the common denominator method can 
be used to find the sum or difference of two rational numbers. 
We usually use the common denominator method (least common denominator 
in fact). However this method cannot be readily stated in the form 


of a general definition. 


3. DEFINITION OF MULTIPLICATION OF RATIONAL NUMBERS 


The definition for multiplication of rational numbers named by 
fractions is as given in OBJECTIVE A/7.1. 

As with the definitions for addition and subtraction of rational 
numbers named by fractions, the product may not be a basic fraction. 
However, we saw in SECTION 7 how the product can be reduced to a 


basic fraction. 





; ? Se nee: Peer 
A da at «bro 6x 5 30 30 
Senin Gbhaudewie 52 
6 ‘eSedead of20ne030 
J Segsang etoty We_teree, | ebbdl it (elo) +1 
aaa 7 rae 24 24 12 
> _j|3 aybOstonQen ol 
Gdis ofdde 4d 24 fle 
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4, DEFINITION OF DIVISION OF RATIONAL NUMBERS 


The definition for division of rational numbers named by 
fractions is as given in OBJECTIVE A9.1. Note the condition that 


the divisor cannot be zero since we cannot divide by 0. 


5. PROVING PROPERTIES OF OPERATIONS WITH RATIONAL NUMBERS 


In SECTION 12, we used examples to check that various properties 
of addition and multiplication of rational numbers named by fractions 
held. 
We can in fact prove that these properties hold by using 
(1) our knowledge of the properties of addition and 
multiplication of whole numbers (stated in SECTION 12) 
(2) the definitions for addition and multiplication of rational 
numbers named by fractions (stated in OBJECTIVES Al.1 and A7.1). 


and 


Let's see how two of the properties can be proved. Then you 


can complete the proofs of the others. 


1 Prove that addition of rational numbers is associative. 


Cc e 
Let db? d? F be any rational numbers. 
a Cc e@ ..a c e 
Prove: rr 7) aa F vis G + rz 
ea Statement Reason Comment 
a é e ad + bc e 
GC + 7) + 7 = bd “- F definition of addition 
2 oop pee ee £ + tbd)e definition-of-addition-| (Pde means (b x d)xe 
_ £(ad + bce) + (bd)e Mult. of whole numbers Chang Eu 
ts (bd)£ is commutative 
_ {f(ad) + £(bc)} + (bd)e distributive property 
. (bd )£ for whole numbers 


{(ad)f£ + (be)f} + (bd)e 


Mult. of whole numbers 


Change of order. 


(bd) £ is commutative 
x (ad)f + (bc)f + (bd)e Add. of whole numbers Fay ts orc 
(bd) £ is associative 
adf + bcf + bde Mult. of whole numbers | Grouping for 
i bdf is associative. multiplication does 





not matter. 
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a c,e 
pita es 
- 24 Sct de) definition of addition 
~ adi) + b(cr + de) definition of addition 
b(d£) 
eepa(df)t {b(of)chab(de)} distributive property 
b(d£) for whole numbers. 
. a(df) + b(cf) + bde Add. of whole numbers 
b(d£) is associative. 
= adt + bef. + bde Mult. of whole numbers 
bdf is associative. 


The last line 

in each set of 

equalities is the 
same. 


e a CS e a Cc e 
OARS Ep aaa on aoa et) 


.. Addition of rational numbers is associative. ee is an abbreviation 


for ‘therefore’. 
However, it is never 
used in an English 
sentence. 


A proof, as you see above, is a sequence of statements for each 
of which a reason is given. Proofs can often be conveniently given 
in two column form. The first column gives the statements; the 


second column gives the reasons for the statement. 


In our proof above, the reasons used are the definition of addition 
for rational numbers and the properties of operations for whole 


numbers. 


II Prove that 1 is the identity for multiplication of rational 


numbers. 


Let be any rational number. 


Prove: 


o*|@o"| 


Proof: 






Reason 





Statement 









ex 1 ; + is another name for l. 
cae a definition of multiplication 
ee 
xe 


1 is the identity for multiplication of 
whole numbers. 


o|(p o 


. 


1 is the identity for multiplication of rational numbers. 


Now turn to and do the activities on the following pages. 














SAS 
DEFLATION GF DIVES ION OF RATION 
The die -jeonaebbs,2o.a9hztab teh. 


ac etak>be Agsephteeriels. 


che divisor can joysheqourqe ovtandtueatbn: 





_,eatedmun slordw 70% 
| ersdmua elodw to .bbA 
: eh -svijetooees ek 





enti saat. edt 
to J9a Habe ntl 
eit os dezatcenye 

















Ath 


-3G82 7 
nolisivemdds. ns pi se ave spiaosas ree bameize, solttbbA 
‘ } $ Love ’ ? Sa ‘(an 
'etoteseds” 701 hat a a . 
wsvon( BE air eewolmwiee of Che properttes of addizion and ae 
det igad 3 
18, a! *¥ . a » . ; & 
fit, bOFO .. uf whole numbers (stated tu SECTION 12) | “Sa 


aane2n98 


dst YO? LGnbie yee id eglisipas”S ar lgvoun? bow LOY? ak” eye , 
rts Vins Have oo ed ies ths poot4 12 BUY Ri Bods” sf 
' otide 1 Sine me 3RI0) Ode. eewdg: nswloo, ae mtd orl pa mreR.amvon ows 
ompletée the prood » depends 3a maid» FOI ancesst 9 ont eeriivg omulos = fF 
b meta hitbe: kei arokdbe bie be emer Lotiinetemmammameds 0019 we | ot 
t Slory toi ~cakss tage! Gi BotAsegnag eds bas aetsdmye lasot3s 


a « 


4 : : - 
Py tr @ C= : - 4 “J > a *) Yr ? ¢ 


Prook Lanok 3p: de pobseot lqi> hum medy yrtanebh ad at 


met ple Ne ae re sec 





hh A te 


(+> + 7 + Mig Bee é| teas ivtrion of addition 
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SECTION 5 -— ACTIVITY 
Each of the following is a proof for one of the properties 
of operations with rational numbers. In these proofs, certain 
statements or reasons have been omitted and left for you to give. 
Each place where something has been omitted is marked with an * 
and numbered. Write your answers in your workbook, NOT on these 
pages. At the end of each proof, check the answers you gave with 
the answers given at the end of the advanced work. If you cannot 
see why a particular answer is given, ask another person in the 
A group or ask your teacher. 
The symbol ".’."" means "therefore". 

1. Prove that the rational numbers are closed for addition. 

Let 5 and 5 be any rational numbers. 

Prove: ot 7 is a rational number. 

Proor; 

Statement 
a,c Reason Comment 
bad 

ead’ +7 be Definition of addition 

bd of rational numbers 


Whole numbers are 
closed for multiplication| Here we make 
use of properties 


ad and bc are whole numbers 


(ad + bc) is a whole number 


a 2 b 
bd is a non-zero whole number b# G, d¥0_and #2 PENSE So TSI 
. ad + be ; uae peril 
oie oat ian is a rational number | Definition of rational 
number. 
Lee « as eae a rational number This comes from 


the first two 
lines in the 
proof. 


i.e. The rational numbers are 


closed for addition. 
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2A10 a a a aa i) 
. ? 4 | pe Pe 
2. Prove that the rational numbers are closed for multiplication. — 
a c Ci | are ow i 
Let p and q be any rational numbers. | © war wi ae 
Prove: per = is a rational number. ae! 
| ahem 
Proof: : start 
Statement Reason | 
a 
b 
a 
me *: 
bd , 3 
ac is a whole number #4) 
5 b#0, d#0, and whole 
: numbers are closed 
¢. 22 ig a rational number. for utara Sheu 
bd *6 
a Cc: ; 
i.e. > * q i8 a rational 
















number. jfirst two | 


i.e. The rational numbers are |the proof. 


closed for multiplication. 


3. Prove that multiplication of rational numbers is commutative. — 


Let = and = be any rational numbers. 







b d ; ps a ae 
a c c a ie. Bee 
° eae ae eS — : <i ._ 
Prove: b x q a x b ' 
Proof: 
Statement Reason 

















mec Definition of multi- 

abd plication of rational | 
Ng CE numbers _ The order 
~ db 

ee 4B 

ag veloc ayaa 

VOB ed 9d eb eee as 

i.e. ee 
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: 4. Prove that addition of rational numbers is commutative. 


Let = and + be any rational numbers. 
2 EE td 
Prove b Fh q d + 5 
Proof 

















Reason Comment 


Definition of addition 
of rational numbers. 


da + cb #11 This property is 
db used three times here. 
ts #12 Addition of whole numbers 
ee is cummutative. 
c a 
aay ied * 
q + 5 13 
a ok = *14 





a2 ee Addition of rational 


numbers is commutative 


ee 
e 
t 


5. Prove that multiplication of rational numbers is associative. 





Let oa { and 7 be any rational numbers. 
A pees yet pad Ce ae: 
Prove: C x p> x ¢ 5 * G x f 
Proof: 
Statement Reason Comment 





The definition is 
used twice here. 


*15 
Definition of multipli- 


(ac) e 

ae cation of rational 

phe (od) f numbers. 

- Cx) «16 Mult. of whole numbers The grouping is 
(2+) is associative. changed. 





Definition of mult. 
of rational numbers 
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yr ae 
Ca ee ig a a 
Note: In proof I on page of the description we proved that ~ 


, ; si ee am i 
addition of rational numbers is associative. Mak eran acs 


6. Prove that 0 is the identity for addition of rational numbers. — 














a e - j . | ¥ goLA ’ 
Let 5 be any rational number. oY aoe eee Mia aie 
a a pe iS?) Mas ete ve 
Proves; =. 7)0; => ; fs oe te 
D 2 hae 
Proof: pa ee aa 
Statement Reason Comment 





| i 
= 20° 2 aie 
‘lois the identity for a 


mult. of whole numbers 
and bx0#0 


a - 
; 22 


ae £23 cgi 

i.e. 0 is the identity for 1 ce 

addition of rational numbers. See rook. 
J ec an 


7. Prove that multiplication is distributive over addition of | 


numbers. Lo eo 
ane e oe MB a oy Ae 
Let pap and F be any rational numbers. i 5 an 


a cle ac ae at 
Prove: > * G + ) = Cs x 7D + Cs x Zz . pak he 
Proof: oaball% ee 
nk Pa Lice : ‘ 
Statement _ | Reason j “s | “coment 


Vey 


G9 


o|m o|m@ 


x (——)_ _ *24, 


aay Cer tek de) 
b(d£) ‘al $ ienn 
a(cf) + a(de) Pr ite i 


hb GE) eee mae er 
= acf + ade | ig Bee! ‘ 
bd£ 7 - i : ny ae ‘ ' 
4 ft Ate 








re ep cael ast lar 


ac |, ae 
Daag bE 


(ac) (b£) + (bd) (ae) 


(bd) (bf) 


acbf + bdae 
bdbf 

bacf + bdae 
bdbf 


bdbf 
b(acf + dae) 
bdbf 
acf + dae 


b(acf + dae) 


i.e. Multiplication is 


distributive over addition 


of rational numbers. 


8. Prove that the multiplication property of zero holds 


rational numbers. 


a 
b 
Prove: 


Let 


Proof: 


Statement 


bad 


Plo oO 


o|o ofp 
> 


Se) brie 


o|m 
al a 
ro) 
i 
>) 


*27 
*28 


*29 


Mult. of whole numbers 


is commutative. 


Distributive property for 
whole numbers. 

Numerator and denominator 
are divided by b. 


*30 


be any rational number. 


a 
b x 0 0 


«34 













Reason 


Definition of mult. 
of rational numbers. 


and *33 
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Now we start with the 
right side of what we 
have to prove and get 
it into the same form 
as that to which we 

changed the left side. 


The order in the products 
in the numerator has 
been changed. 


The fraction is 
reduced. 


The order is changed 
in two of the products 
This is now the same 
as the left side. 


for the 


Comment 


ois another name for 0 


> is another name for 0. 
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6. USE OF THE DISTRIBUTIVE PROPERTY 

Multiplication and addition of whole numbers and of rational 
numbers are related by the distributive property. 

We have seen the distributive property in the form: 

a x.(b +c) = (a x b) + (a x c) 

Now look at the following: 

(b+c) x a=ax (b +c) Commutative property of multiplication. 


= (a x b) + (a x c) Distributive property 
= (b x a) + (c x a) Commutative property of multiplication. 


Te. (bar GC) x @ = 5(D x a8) + (ec x.a) 


We see that the distributive property can be used when the 


single multiplier is on the left or right of the parentheses. 


Now let us look at some examples in which the distributive 


property is used. 


Examples 


Perce sia One ouet 7) =0(6 x 30)+ (61x 57) = 180 +:42)= 222 


(2) 6x 3¢= 6x (3 +5) (6x 3) + (6x F) = 18+ P= 18 +5 = 195 





1 Ne ei es er Legh 
(3) 3 x 6. =-3* (6 + 5) G x 6) + G x 5) 2+ 5 ar 
1 ER se pe Eg geet 
(4) 27, x Des (ier 7 moe (2.x 5). G x 5) 10 + B 10 1; ll; 
| 1 © = 1 
1. The product 35 x 6> can be written as oF 
Lt 
. x 33 oF 
Examine the following to see what has been done = 3h 
to find the product. —) 
50) 
3 
peak 
LOS fh. ao 
EEY wtioutd 


2. Use the same method as above to show that 


i 1 5 
4x x 2 7 10; - 





23605! 
KAAS 


In the examples in items 1 and 2 on the previous page, we have 


also been using the distrubutive property. The following shows how. 


ngs Or li possi i Sah ars inane YE L 
35 x OF = (3 +5) x OF (3 x 6) + Gx 6) 3x (+P) + zx (6+7) 
J OS lay ad LP ae h cl 
-Gx6+GxDtGx6t+ Gxp 1W+7t+2+ 5 
9 it 10 5 
20 2 2: ta ee 


Now do the exercises on the following activity page. 





Answers: 1. 5x 6p Ex (6 +5) = x e+ Gxt 2+ - 25 
3x 6F= 3x (6 +5) = (3x 6) + (3x Dp = 18 +5 = 187 
2s + 182 = 20+ + = 204 H = 202 
2. 45 
x25 
26 
a5 


a a 


ae 


eye 


el — ee a 


eS —_——— =.) /._ 


EK CO 


SECTION 6 -— ACTIVITY 
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1. Use the distributive property to simplify the following: 


a) Gx d+ Gx? 
(b) 2 x 2) oF Gx 
(c) (Sx 3) zi (Ex 2 
@) Qe xD + Uz x 


(e) (2 x 12) + (25 x 1) 


(2) Gx Dt GxD 


(@) GxD+ Gx 


JU bho 


(h) (aE x 2) * (33 


(i) ag : 15) a az “ 1%) 


2. Use the distributive property to find the products. 


1 


POV Bsa (4) 2 x 162 


5) 
3 ul 
(b) 8 x a (e) 23 x76 


1 


fey 2 x 12 "(£3 3= x 10 


3 


(g) or x5 


(h) 93 x 


hb 


Wht bh 


3. Find the following products without changing mixed numerals 


to fractions. 





iM 1 

(a) 45 (b) 125 
af 3 

x ly x 2a 

if a 

(e) oe (f£) 157 
3 

x 23 x 4c 











bh 








1 
(c) 45 (4) 10; 
x6z x 3 
3 
(g) oe 
x 2% 





gat). 7 












’ a Mae a) 

| MOA ulind 
r at 7 Ear 
r A ; e ‘ vy aie 


ha 


i 
Tee 
= 


: 


= 





a 
' 
f a 


a i 
’ 
A) a a 
a 
aie cit 
— “" 
rus a 
ote . 
fants 
“i ny 
‘ 
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SOLUTIONS 


SECTION 5 — ACTIVITY 


at (2 oie epi nS 2 Se OOS i S) 


NN NN FHF BF BP Be BP Be BP eB eB 
ON HY OO @ A AN i ew wm EO 


Coe Cole NINO? Re Noe IN NO 
PCO OOn SI ONS Ga 


Whole numbers are closed for addition (ad and bc are both whole 
numbers from the previous line.) 


Whole numbers are closed for multiplication. 
Definition of multiplication of rational numbers. 
Whole numbers are closed for multiplication. 

bd is a non-zero whole number. 

Definition of a rational number. 


Multiplication of whole numbers is commutative. 
oy bas 
daub 
Multiplication of rational numbers is commutative. 
ad + be 
bd 
Multiplication of whole numbers is commutative. 
cb + da 
db 
Definition of addition of rational numbers. 
Aes eS Ct sa 
ik ee a 
Definition of multiplication of rational numbers. 
a(ce) 
b(df) 
Definition of multiplication of rational numbers 





a cee re 
Bde 
Multiplication of rational numbers is associative. 


Definition of addition of rational numbers. 
a+ 0 
b 
0 is the identity for addition of whole numbers. 


prong 
Definition of multiplication of rational numbers. 
Distributive property for whole numbers. 
Definition of multiplication of rational numbers. 
Definition of addition of rational numbers. 
Multiplication of whole numbers is associative. 
Multiplication of whole numbers is commutative. 


Tait = at (ee =) 33. Multiplication property of 0 for whole 
numbers and 1 is the identity for 


aoe multiplication of whole numbers. 


Dox ee 





34. The multiplication property of 0 holds 
for the rational numbers. 
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BALE 
ANSWERS 


SECTION 6 - ACTIVITY 


x 2+ 22) = = x 3 = 2 
(d) 12 x Grp * 3x 1-13 
(ec) Bx GE+15) + Bx397 


(b) 


W2/h Co[Ur |o 


2.. (a) 5 x (6+ (5 x 6) + (5x 


| 
w 
i 


(b) 8 x (2 + (8 x 2) + (8 x 


> 
w 
i] 


(c) =x (12-4 = 


i} 


(4) 2x 6 +4 2x16) + 2 
(e) (2 +=) x 6 = (2 x 6) + Gx 
(yeGiee x 10= G x10) +@ 


- (6x5) + (Fx 











Gx 12) G 


- (Fs SG 


(f) G+ xF 
(ge) G+GD x 
ppl 3 
(h) (at 37) 8 


1 


emer 
ee 


Co} ro[e 


Gi) GZ +12) x1 -3x 1-4 


=) = 30+1-= 31 


3) = 16 +6 = 22 


x 10) = 30 + 4 = 34 


uh 1b 
5p) an aR 3 


Z 
>> 6 + 





Sg yy a 


i 

8 
1 

4 


(a) 10= 


* 
uo 
wife & 





Ww 
sfig[ate ole 


io 
oo 
oO}jw 
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TOPLG. EL 
Post-Test II = Basic (Form A) 
Mark from your record page those test-items which you are required 
to do. Show the work for the required items in the spaces provided. 


Work carefully and do not spend too much time on any one question. 


Belek Find the sums of the following and write each as a basic 


fraction: 
3 5 1 
Ave iF + a + 3 Bie - 
; Big Loman XK ) 
a: 
a Biedeas ba ) 
6 





B 1.2 Find the differences of the following and write each as a 
basic fraction: 


ING Je ast 2 = ise 


5 3 Bio ee TAT ) 


16 
7 
25 Bl 2 i= B ) 
14 


Bezel A. Write ther traction Se as a mixed numeral. 


Be Write 9=— "as a fraction. 


lo 


Bete oman ( ) 


B2 ei, oo BEG ) 
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B 3.1 Find the sums of the following and write the fraction part 


in the answer as a basic fraction. 


| 2 
ake sue 7 2 5 
3 By 15 + 65 + ora 
5 
+ 128 BLK « 
Bahl eB aC 


B3.2 Find the differences of the following and write the fraction part 
in the answer as a basic fraction. 





7 5 3 
AG 5 ) ora Bye 185 
2 
- 143 
B3.2 - A x ) 
BS..z - B ( ) 


B4.1 Solve the condition a - a = 2 and write the fraction in the 


solution as a basic fraction. Show your check. 


Bah at ) 










dtaq nolsoe+t afd odlaw bre antwsi lol odd %o ane ad? bald ‘Be € « 
,notsoatl ofead » a8 x9wann of? nt 


aan ae 


‘ 


ixeq mottoaxt sf? edtaw bre. gnivoliod sf? Io eson greitth ed? batt “S85 
,wohjoayv? Olaad’ a an reawane ef nt. 7 
t 
. F) ' 
7 a] ~ 
: TO lh me - A 
= ‘ i a Q° +] 
~ 4 
£ —- a 
js 64 ; 


oid at notice? oft ative bis == <T ~ a notsibnes afd witoe > oo if 
wa + im 
— e uP 


woy wode .agidogaxt eae 26 & notsulos 
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TOPIC IIL 
Post-Test II - Intermediate (Form B) 


Make sure you check and see if you need a copy of Post-Test II - 
Basic before you start. Next take your record page and mark all those 
items which you are required to do. Then do these items and show your 
work in the spaces provided for this purpose. Work carefully and do 
not spend too much time on any one question. 


I 1.1 Find the sums of the following and write each as a basic 


fraction. 

1 Nee 9) 8 14 Bee 
Fea Soran Oe 7 
=) 
5 
3 
* 35 

Tele lees Ak ) 

Elis =" B ( ) 


I 1.2 Find the differences of the following and write each as a 
basic fraction. 


A. =-t Dome c.. 
24 
oi 
16 
ans i Tulcea ena ) 
Le eo Bae ) 


I 2.2 A. Justify that the mixed numeral for oe is 57 by using fractions. 


Sag a 




















It Org 


(& oyxod) ststbaarrednd » 11 3 a2e04 woh d> ai! a 

- Il sasT~320% to yqoo's basn voy fi Sea bas aoero voy sive gdaM © 
sao? Ils tam bre ogaq brodst TOY SAs2- Ine .I1B3e VOY gi0ted otena 
ruoy wode bis amet! seald ob madT Job oF bexbupes ste voy Aoiiw amedi 
ob bo6 ylluiotsas Nx0oW _..seoqxvqg eif3 m2 bebiveiq esdage si? mk stow my 
.potjesup sno Ying no emit dove ood basgqe Jom” 


a hi 

al M, : 

tesd s en doed stivw baa eetwollo? eft lo emua odd Oat rey 13 
“noi 3962 


deg ) = * > 
a i 
4 ia pt ». 


7 e os 


2 oa toa 


eo es done aditw bia gmbwollot end 2e eeonstallib eda bore Sif ti 
-froltzon1t. otesd ee 
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B. Using fractions justify that the fraction for 


iy ag 16 
33 ~«is 3° 


13.2 Find the differences for the following and write the fraction 
part in each answer as a basic fraction. 





dl 7 i 
A. 4 OTe - 1a75 Be lig 
j 
= 359 
iT 2 i A ( 
13 cle nba 


ta.) Solve the Condition oe =m + ot - Write the fraction in the 
SOlucION aSiasbasie fraction. 
Show check. 


Wea alt ) 


EAs ae 









. | | Nea 
102 motson4? eHY Jarl adant ‘anotzoaxt ie a4 


alee # : 
ea) 


= 2 
Sena 


f | 


nokwoen? add otitw bas gniwoblol sft tod eonngtsiiib odd batt 
.nokdoax] oteed 6 68 xewene Hoss ni Jtaq 


aN 4 a 5 eto cA 


‘ ° - 
Cs- 
( es Awe S,&] 
( [ « S&T 
a 
Rm, 
ei © 
sid nt noldos1Ti sii adix¥W . Set * oe £2 notdibaco ert evio2 Is 
4a 


paren ye oteed 8, a8 nolivioa 
»Aaerto word 
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TOPIC. IL 
Post-Test II - Advanced (Form A) 


Show your work in the spaces provided for this purpose. Work 
carefully and do not spend too much time on any one question. 


Al Define a non-negative rational number. 


A2 Write the definitions for addition and subtraction of rational 
numbers named by fractions. 


A3 Write the definition for multiplication of rational numbers 
named by fractions. 


A4 Write the definition for division of rational numbers named by 
fractions. 












AG 
AOE Wi 
UI 22907 4 Oe tana ion “ssh tlt 
(A croft) bosnavbh = 1 seeT=3809 A hat nee’ % 


Yx0oW ,seoqitq etd yo? bebivong eoaage oid nt axow woy woe 
snoksesup sno yas no ent? doum oot seal jon ob baa «itvtoxse 4 


1 


on 
%, 


a 


’ p a é r Vv a 
,todoun Ignottet svitagea-non' a softies ua | 
ree a 


[anolttas to noisoensdue bas motstbba 103 anotataties ens 93txW a 
,enotjos7a yd bomen aisdmun ~~ 


ey) 


etedaun lenotiat to motsestiqttium x62 sotztntieb ofa euraw cA 


,anotioatt yd boman _ 





tenn sna wn Innolser 20 nokaivib si nob3intieh oA? ettxW 
" Ons ray ef is a eee ae Seo 


| a ' a 
7 5 7: ’ ' - iL f 
gM Laas tha \ re i | 
| , 7 : a 7 " “ir iv1 i) + => - 
i Ae iy : nae 
. :) 


A5 


A6 
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Complete the following proof. 
Prove that multiplication is commutative for rational numbers. 


Let = and = be any two rational numbers. 





b 
Prove: & x yen x = 
Sa he dieied 2b 
Proot: 


Reason 





ae Definition for multiplication of 
joe rational numbers 
= (1) 
(2) 
#41 ca 
db 
CF a 
ae a (3) 
(4) 


i.e. Multiplication of rational numbers is commutative. 


A. Show how the distributive property may be used to simplify 


x58 5 38 


i 
(nijm 





“ ’ : ’ ; ye! 7 gl 1 _ 7 

‘ ms ; - - ~~ r 7 As “A ¥ 
.to0xq goiwollo? edi stelqmo2 CA. a 

. | a 


avitajunmep ef notaediflatsium Jens evort = 


= 
f 9 eo 
i 7 : 
exodaun Isnolinx ows yas sdo™ baa 3 oad 
~ » cg — 
, - ” 
s Be le ae = averd 
= > é ir «= #7 Be G 
F J b. 2b G a 
5 
% 
Stco7T 
Sroamaas lc 
- as 2. “= —_ a eps IS eel 
* , 
‘ 7 2 
= x= 
: : 4 b G 





; 
3 “— es Jus 
i : Pee 
oe ge \ f 
= @ bs a 
Pag = 4 
+ i 
4 on ‘ oa 
Z ae. at? Ge” ae 
“a 
‘ _ fy 
X . 
1 A ra ) 
Ley: 
oa - ro oe 
: -~ 
7 eT -~ 2 < 4 Tr. YA 
s Wiley MPIBOT IG asVn « Bs ft 
4 = 
i z 
i 
t 
_ at pe 
NS 
“ = 


smnen en hw earerend 
Bi I1900 70 
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B. Show how the distributive property may be used to find the product 
3 16 
3 x 245 
C. Find the product without changing the mixed numerals to fractions. 
2 
83 










BAS ) | ee Le | 


- 


a >i | 
ha ; en! ead, : 
soubo2g odd brit of beey ot Ysm yayoqoxe ewig hagas et Mod Wore fae 9) 


e . > i eto pee 4 : at | : 
| Cl ee i 


fe 
- 


+ elarema bexim ef) gnignads. Juotaiw souborq odd belt A 
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CHALLENGERS TOPIC @ 


Think back to Problem Solving in Topic 1. It was stated that 
there are no ‘hard-and-fast' rules to follow tin the solving of all 
problems. Each problem will be different and will require its own 
"line-of-attack'. 

Sometimes a mathematical pattern or relationship can be dis- 
covered if we first look at several numerical examples. Here is an 
example in which looking at examples helps. 

The first of two rational numbers is greater than zero, and 
the product of the two rational numbers is greater than zero. 

(I) If the product is less than the first number, what must 

be true about the second number? 
(II) If the product is greater than the first number, what 


must be true about the second number? 


Let's look at some numerical examples to determine what must 


be true about the second number in each case. 


(1) First { Second: | Product \} Finding the Second 
Number; Number ]j (less than 1 Second Number | Number 
first number) | 






5xne= 3 
ea aot e) 
2 [5 Seon sae 0) 5 x3 5 
; 3 
5 
t Xop = 24 
7 - 
u i 7 
oe 
Z 
i 
4 
z 3 al 
3 8 


What do you notice about all the second numbers? 
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You can look at as many examples as you require to find a pattern. 
Here we notice that every time the second number is less than one. 
Thus, it seems that if the product is less than the first number, then 


the second number must be less than one. 


Now you try some examples for part (II) and see what is true 


for the second number in each case. 


Read the following example very carefully. 
"If a given rational number (less than one) is divided by a 
rational number between O and 1, how does the quotient compare in 


size with the given number?’ 


Let's try some numerical examples. 


Given Number Between Finding Quotient 
Number O and 1 Quotient 
3 rt cepepat a 
4 2 4 22 2 
oe 
ee 
3 
2 
5 ie 5 Perks 4 
eo 
Sad 
2 
va 
& 5. bas fac) il 
7 ua eres. 14 
4, iL 
a: 
i 
14 


How does the quotient compare in size with the given number? 
In each case we can see the quotient is greater than the given number, 
when the given number (less than one) is divided by a rational number 


between O and l. 


Remember that all problems are different. But you may sometimes 
find it useful to use numerical examples when looking for mathematical 


relationships or patterns. 
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The most important thing to do when solving problems is to 


THINK! THINK! THINK! 


1. 


Read the following instructions and then do the problems. 
After trying a problem, check your answer with the one given at 
the end of the Problem Solving section. If it is incorrect, 
try the problem again to see if you can arrive at the right 


answer. 


- Do NOT spend more than 15 to 20 minutes of hard thinking on a 


single problem. After that time, leave it and try the next 
problem in the section you are working. You are not expected 

to do every problem. If you find that the problems in a section 
are very easy and do not require you to do much thinking, leave 
this section and start the next section. The problems having 
been divided into four sections with the easier problems first. 
For you to be doing real problem solving you should be challenged 
and be required to think about a problem before being able to 
arrive at an answer. 

When you have tried all the problems in a section, return to those 
you missed. You may be surprised at your second try. 

Work on some of these problems at home. You may have more time 
to think about them. 

Have your teacher look at your "Problem Solving" attempts and 


achievements. 


Od ' ; ) | ' ay if i ie ato 
Oowik , “pie 




























IB hy nae Laoates enya loi, peli ein pis ota, 300qzbmeh asemaee yattrns 
wi : sk every ime the soggns evn RAAT (ae Aa ARE 

. dime atv Wah’ ob nits Biv sa eae vaainer « thes 
HaVEY titles Hare Sawai ay? MH ymaldorg a gokyss 703A «1 ; 
eke TQM. #ichky Momepede oe aadtory mp aloes of: BAP Oia S 


lot ed? Ae unkite geo, way, 2t c08 63 altaya meidorq eit ys>- 


i 


‘ 
ii 


~ + toweNns is 
ie wap le very Cees 
Bs iseki te lo aeguntm Of of el re fs wx0m baeqe TOK of £4 
wi fwd lage Cbwt ie divided by a | 
‘9 bam 34 oveol ,omty Jans 932A Bo Seog olgate ag 
Ova t ‘ } % CS Sar £ OSD ar in 7 
be J2eqxe m3 woY .golaiow 958 MOY pols dae ond as ima ong a 
‘poli2ee & ni ammidertq edi sedi batt woo 2 ,avldoxq ysove ob oF a. 
wn Boldt AP rth ORPOE “SP VY Satbwpet goa ob bos yYene YIsV e278 


amaldox, i? ooddaee Ixeqyetd tease bas sotsoes alts 


jo) eae l de> verens Off Hw enolkjose Wwot oO¢f babivib meed = 
io ad Bivone voy BAL a me fdoxw ite oy: gutob ad o2 Woy 10% 4 

sigs gre exiled 7% donq s Juods ankds of bezlupes ed be Pe) 

= Stowenn me Ja eviaxve © 

on? ntvis1 ,f0ltjoesa s mk espldozq on Vie bells? svad GoYy aa ee 
rt) Laccen woy 2p boaliqius ed vas vor .beseta voy <— 

aw 9 Vet m wot? ,ea@on 32 ameldéiq saed3. lo emos ao a0W JF 

.mois iJvods aakds of 
: yI3: entviod matder?” awey ga Acel teishel Tuoey oval cD 


. pines veldos 


Hiow duns Bhe quctiecnt compare $6 alae with «he given, oumber? 

poke fn each caee we ais me sere: 4 Aa gragees » ed the giv 
went ae ee ya rat 

oe Sees oT el 7 PHASE 


forg an #. ae G J Part 7 : 4 
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A 
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Challengers Section l. 


A 


Suppose you saw the two number sentences below written on the 


chalkboard by two students. What correct conclusion could 


you reach about these products without doing any computations? 
Why? 
fae Gow LOGD eG sen 24g 1580 


— «s = so 


ee (ian aS We ae ke AR: 


Joe saw the two sentences below written on the chalkboard. 
He said "If both sentences are true, then addition of rational 
numbers is NOT commutative. Was he correct? Explain. 


Gtae “oie 180 Kop Ficus 5 
8 Ne 24 re 8 4 


Simplify the following: 


7453 8 
ayercir 19s? 105 
ch ae 
b) 54. * 30 * Zo 


What rational number less than 2 can be added to 2 s0 that 


each sum is greater than 1? 


Show how the distributive property can be used to show that 


x Z 4 
7 X 67 is 33 - 


The universe or replacement set for 'n' in the following 
conditions of equality is the set of whole numbers. Find 
replacements for 'n' which make each condition true. 


io n _ 16 Bays i gac3. 
Cv i rglatar ip hretel 3 ores sae a10 
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Challengers Section 2. 


Te 


A certain rational number is greater than zero. Its reciprocal 


is larger than the number itself. What must be true about the 


number? 

8. What can be said about the value of reciprocals of numbers which 
are very close to one? 

9. If a given rational number (greater than zero) is multiplied by 
a rational number between 0 and 1, how does the product compare 
in size with the given number? 

10. If a given rational number (greater than zero) is divided by 
a rational number between O and 1, how does the quotient compare 
in size with the given number? 

Challengers Section 3. 

ar : 
11. Express the sum of a 5 as a fraction. 
12. If a, b, and c are different whole numbers, find the values 
of a, band cif: 
a b c 
13. Write the solutions for the following sentences. The universe 
is the set of rational numbers greater than zero. 
a) 2 n = * d)e2niea 
2 5 Z 1 
Eee Ly ae Reg e) 5 RE 
ec) n- ee 
5 5 
14. Find the following sums. Then find a relationship between each 


sum and the numbers involved. 


1 1 1 1 ila 
a) 1x2 a te) b) 1x2 Mi 2x3 : 3x4 

1 1 1 1 1 1 1 1 lage 
oe PCR EIC TA RRS PATIOS 1 A) ras aye oxh cee ae 


2o2 
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(cont.) 
14. Use this relationship to find the following sums. 
i af Af 1 
ae a ae es Fey 
1 if Vi i 
SS oP SSS oe SSS eee Pee eee at! 
Be nh 59100 
15. Find the sums of the following fractions and look for a relation- 
ship between the sum and the fractions. 
Pelee: aL 
Bete veG 23 
1 ‘eo se geeaed Re 
ileks el ute a isetesg * 
A Le 1 1d 
eilrsih 9407 ST ara 
Using the relationship found above, find the following sums. 
(Do NOT form the L.C.D. and add the fractions, use the 
relationship.) 
gat ego L 
SUD |e 140 oo LS ery 
18, thd. m MS 1 
2) any a Liha 7 o6 
uf at 
8) 30 + G0 ~ 
Complete the following sentences using the same pattern as 
above. 
1 af i 
— + — = 
LID asa le 
1 al 18 
eGo peiiieal 
ty 1 iL 
ROS sit Ges 
m) Write a formula to express the relationship found. 
Challengers Section 4. 
16. After much experimenting Robert claimed that dividing rational 


numbers could be done by dividing the numerators and dividing 
the denominators of the fractions in much the same way as 
multiplication of rational numbers. Try some numerical examples 
to determine if Robert was correct. Prove your answer using 


rational numbers = and ee 
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Le 


Le: 


19. 


20. 


Demonstrate on a number line the multiplication of the following 
rational numbers. 
3 8 


a) Z*9 b) 2x= c) $x? 


Indicate diagramatically, with regions, how to form the 


following products. 


2 9 4 3 4 9 

a) 7 %*Z b) 7X7 c) 3 %G 

a) Can the distributive property be used to find the product 
65 x 2o9 If it can, then show how. 


b) If you were in the Advanced Group for this topic, prove 
the distributive property of multiplication over subtraction 
of rational numbers. (hint: use the definition of 


subtraction). 





Li ee 
4 4, Pim 3s 7 is known as a 
=2+ 4 NSS 
2 continued fraction for = : 
a 
re eS It is represented by the 
: éymbolem(2 riya 
ary 
ee 
Another example of a continued fraction is: 
19a 1 
ie 
rg 
a. 
=O+ 9 
19 
-0+—++ 
2+ 79 
ily Ou 1 - 
a ee 
19 
2) 
pe 


i 
Oo 
ws 
Mt 
o 
+ 


The continued fraction is represented by (0; 2, 2, 9). 


254 
251. 


* Each numerator in a continued fraction is one. 


a) Compute the continued fraction for oe and write the 
symbol for it. 


b) Which fraction is represented by the continued fraction 
(Oss omer) e 
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t met aris t & b reploua, “wend ry in 


an ‘ lh = a 


| 4s F ve veed ta find the product “o1) 


se a a i a i = - a 


coup for thie copie, preva: 
’ ut 
uF “oh gs ‘ mule tolication over subtracts a 


Lit ‘a bt 4 we ba] che te, inition oft al 


2a — is knowns 4 eal 


pie ube 
n vepresenited by the. 
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ict Le « - Ww oe, ont tl) wer a eho 
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CHALLENGERS ANSWERS Topic 2 


Discussion : 
If the product is greater than the first rational number, the 


second rational number must be greater than one. 


Section 1 


1. One of the products must be incorrect. According to the 
commutative property of multiplication for rational numbers, 
they should have equal products. 


2. No, he was not correct. 


ROMP ete vereee | 6 
bY OR esa inn gir 


Thus the commutative property of addition for rational 


numbers is supported. 


OL 2 
Seca) 0 b) 3 
aa =< n< 2 ie. the set of rational numbers from = to vis 
DAT ORL ey 1. Lia a tbe 
5. > x 65 => x (6 + >> G x 6) + G x 3) 3+ 3 33 & 
ee) 6S b) any whole number greater than zero CLS 


Section 2 


7. The number is less than one. 
8. The value of the reciprocals is also very close to one. 
9. The product is smaller than the given number. 


10. The quotient is greater than the given number. 


Section 3 


i, xa Py FO epee ey 
yq 2 | 6 
LS. ay sol: 2 b) sol: all rational numbers greater than 2. 


c) sol: all rational numbers greater than 


d) sol: all rational numbers greater than 


&|H wmlw ufw 


e) sol: all rational numbers greater than -. 
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noe 


2g BE gs eee 
1a oad 3 b) Zz OS | d) G ) 50 f£) 100 
1 ye) ee 
mA ane slim) lar ge Se, 
its | ish + me ol = as een 1 = Me \ 
By'30. (192) 2) 9a F ego) co oe 
Pa Gl ba fet EAC de | aS ica 
1) 957350 50 ease aaN a a 
Section 4 A 7 ofa 
{ } 
16. Robert was correct. ro Cah a 
a. & = = a ' . 
Usual method nn ares x 5 pie 
2 al xea ee “ 
i b x c \ is Iu he 
' Che atene . : 
Robert's method gar prsee tee) 
= : a p ‘al 
s c - i ; 7 
Robert's method gives eat) Mage 
the same answer as the . | a na Rte a... 
usual method. 4 ye teabals 
xd 
bapsey ne 
eX od Ue 
ba 
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vk 
eont.c 
) KA 
Bas) Ee 
oa, 
oo] Rae edo 
OXY YS] 
3) 4 12 
19. 
es La 
= (65 x 2) + (65 x 3) 
is i 1), 2 
= (6 + >) > gf ae. + (6 x 5) x3 
Z i 2 1,2 
= (6 x 2) + G XU2) C6 3 + G x >> 
cae age ae ao 4 f S 
= yet | 
= 173 : 
apc e F | 
b) Let b? q and Z be any rational numbers. | 
a Gree ae ene a_e - 
Peat scl Be ee ce Ras nee hy gece se i 
Prove: 5 * G Zz GC x > Cs x Zz . 
| 
Proof: 4 
Statement Reason Comments | 
a c e : : 
> * ery Zz Start. with, Left sides 
NO fee ce = oe Definition of subtraction ’ 
b df of rational numbers. 
Gane xeCel) -de) Definition of multiplication 
bes. ciCdft) of rational numbers. 
wowact: = ade Distributive property of. cf and de are whole 
bdf whole numbers. numbers. 
ety ae ene Now start with right side 
bokatd baat and get it to be the same 
as the fourth line. 
Lact. pag Definition of multiplication 
Bd NDE of rational numbers. 
acbf - aebd Definition of subtraction 


bdbf of rational numbers. r 


Statement 


_ B(acf - dae) 


ie. 


b(acf - dae) 


bdbf 


dbf 
acf - ade 
bdf 


(& e 


a 
pea D 


a c a = 
Gexp-G*p 


PO a) a 


Multiplication 


4 


= 4 


(4; 
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Reason Comments 


Distributive property 
of whole numbers. 


Reducing the fraction. 


Commutative property Order is changed in 
of whole numbers some terms. 


Result is same as 
left side. 


is distributive over subtraction of rational numbers. 

















Hse b) (0; 1, 2, 3) = 0+ : 
15 1 
1 1+ 1 
eens 2+3 
: =O+ + 
+ 1+ 
ce a 
4 3 
3 +7 1+ 7 
snarls He 
uf =Oct 
3 erry ; ae: 
zy 7 
: $f 
3 + 7 
ma 1 
a oa tO 
+ i 7 
ant Ee op 
1 foes s0nb 10 
3 
Sig pkey D _.% the fraction is i. 










Ned 
aN i 
rt 


Paar mt 


bis 


A 
nl? AA 
. 
\ 
~ ue a 
4 2 - = 
a / if My » 
‘. -_ 7” re 
te p ' ‘ 
a ‘ 3 
i aan i 
z i 
ri 
. 
1 
Oe 
1 
’ 
ao @ 
= 
< - 
a Md 
Pid 
: 
: - 





APPENDIX B 


THE OBSERVATION SCHEDULE 


ta 










BAUM? worTavadi20 ” 






































ae -45 
i a") | 
ea Foe eee t a “err potentiates a “4 
: orp et ai Err) tnt 
v2 Ga tA 1eM I 0 > Y. he. ie: Mecd AHD 0. fj 4o 
os rar ae | a a fn eres eI eh 8a eth A A — 
bet 336. Zt , 3. ie : 
aie ——— Dppeepemnpemenes 
‘ 
_ 
yo 








7 ’ “> : t 4 ( 4 of + ‘ 
ee 0 72 2B € Bobi ore | } LL AG) DEToeSePS FJ +. ; 


pt nem _ — te] — owl ee « P. 


M snthiae 
} 7: a 2 by ¢ ) ; > pg * s » * - s 

I §.i pt thet shookehe jee .8 4) Sees) a 
~ ~ ee so a aan SS a nee a on a mi { 


‘ : “Hi? ' 4 H . { 

‘ eS Bs ~ We > fy sued y 7 I : if in TA worw oo. | 

dentine vee & — dak Sadat ollie. 3 sd Kal has 4. ; z 4 << ; : 2. 2 ‘ 
f f 








os % P . . a j ‘ .> 7 
4 vTs Pie + 4 a ‘ - J tare A ‘ < 4 § 
Oe EE rede LE FO sqeetins angen fate eversertnmrart ee on prt te la il sneer re ei 
. P yok we , slant . ss" 
‘ py ae, ) ony Se . yy F ? i 
— iJ 2 EV4’ 3S). mS " { . ~~ 
NS he te SDN -AAD. Ses ot Vea eioy 6 PN TS ES. Se i BA ee? 
- i] ' 
f . ) f : , he 
ste eet 8 r Low? : : 7 ‘ : 
NE etn ted oe Sa Em em - ——d \ ania, — 
: r vi 
nD P oe - ; eon 
in may fl ‘y » | : § 
< ah. ‘ D 5 ? 
a le le aad pala, I. Mel ln Ald! hg - i. t~ ~ ~ - . 4 ‘ - me or | 
5 rr hry * 
“4 r ' 1 
mish fab AA} ie | : ; - ine i J 2 
eS eg = ee ee _ sont < oo 
=f 4 : f o ‘a 
hel my : 5 ; | » -: ‘ } ‘ 
ee ee a ae ff = ely spiel Coody AN ne A ~~ ~ 
: = 
mse \s a ft. sie bu Sei ; 
ee oh se oer tetl. on i x oe mee ome ~ ewe es - a a - 
: : . ay 8 ; + 
i ; : — Tt ivi i : i 
fet ee ct eS tae tiga bei Mag cent ey = 4 ee a ee — - » _ — — 
i 7 5 : : : ( 
* : 4% \ 
is ; » Sear et ; 5 } j Dic 4 ; 
a ae nef = ate men eS fete Mm ev - - eee eee \. = - >——we =¢ 
? ¢ " ; 
° » d « ‘ > 
st a G ioietot «a a, | : : " : = : ; pe 
tain. te vate saaeeenineiammmamiiad i ~ ee nin. — ay st pe —_ —— —- _ - eee — — -_—- — 
Say a : Dor 
AAS She Sd a : 4: ; | j Af , ec ’ 
Yat Bina db Aether aa cca te se 4 mone Be Gi Parsi bens on en Dahe med md > 22 SA — Saw Be 2ST tS Oe 
wile f 424 . up Bs Ol. 
oT . a re hy OB oe ge . . o~ — ae a - —- ee — SS 
4 i. a . : ‘ 
ap pov pri epivycve JC | f fos 5 ; 
ee Se eee a — SE ~ - = ee ee 
4 : | 
q ‘ 3 - 2 
\ ee . ; 3 ! 
i i \ 2 ae nm ¢ : 
eae ts — ot — Bray bt 4 nies ' 7 ae - ‘ 
= - = fT , $ » 4 . > q 
j | j - 
uit) ¢€ j LG 6 0 : 
ee i meen - — a 2. een _— ene ae —_ = — 
} : 
isi y w j ’ + ‘ a b 
ee ar ont - —~— +-—- -+--—}- — " ms 7 : - 
mike oD a ; x? 
na Ame ed a Pe rs SS : . =. ~ 
‘ 
| f fal : ¢ \ 4 st Ut 7 
-> Gl a i Set « = ys - _ ; ae hemes — ‘ -_ 
re ] i , x : ‘ . 
ae 4 i es ee . wale . “4 Bax eC ta jes 
d 4 - ple ~ tas “ . ty , 7 ‘ ak 
ee ; iene eas. yamncar apea eRe a a  cad SS ' - ~ 
d . it, s : P . +. 
: mow OF @ OF io | J£ 3 : 
— aero —- Fn ae ee a ao we <—~ - ——— “ ee a se eta - 7 — 
wma ae | i d te x9 2 ) 
fime i 4 = F- aie £42 si ‘ ; ; oo | ee 
~~~ a] es > ee = mes! 
+? ' be - ~, nm . — , - * 7 7 aA " 
a i - wd we LGAs 5 pL 4 P . ~~ = 
SAstoaptatase. Sal ave = es Sct a é foe re vite a . cote | 
i 






aoa fbastid Lace abi te 





i é c 
4 ‘ < pee Sad. 
rr eh Pi +o i 6 wat. se 1 teal 


Z ; 
; , iy Pr“. it ut Te4sau 0 
ee a i Ss Set es -+ — 0 empnarness ~~ 









at 


| eonaa 


tan Ok aiid 


7 
eu Ov Pa 


261 
OBSERVATION SCHEDULE 













1.0 CHK ASSM [Tf Vl 4.0 MANGRL_ TSKS [EMT] VJ Tot | 

rE LTE mice aE bar Ta eco 

[a [v2 daw ana] | Pane be 

| | 1.3 t asks for answ [fs] [2403 st disep lin aie eae ee 

|| 1.4 t chks ind hw ESTA 404. t sariest ce Sea oo mee 00) 0 |e 
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APPENDIX D 


Questionnaire 


The purpose of this questionnaire is to find out the difference, 
if any in the nature of the activities teachers have to perform in 
the regular classroom setting and those activities to be performed 
in the experimental classroom setting. May I ask a few minutes of 
your time to assist me in obtaining part of this information? In 
each question circle the answer which best describes your own situ- 
ation. Answer all questions in relation to the teaching of grade 
seven mathematics. Answer as accurately as possible. Thank you. 

Please supply the following information for the purpose of group 
Comparisons. 

Degree(s) held: 
Latest teaching certificate held: 
Years of teaching experience: 


Major field of study: 





Number of years taught at the grade 7 level: 
1. Do you plan the units of grade 7 

mathematics mostly alone? l. yes no 
2. Do you always plan the units of grade 

seven mathematics mostly with other 

members of the department? 2. yes no 
3. Is a unit of grade 7 mathematics 

usually planned with the entire 

department? 3. yes no 


4. Are the unit plans usually prepared 
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Pre 
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ES 


by the Department Head for all the 
teachers? 

Are the unit plans usually prepared 

by a single teacher other than the 
Department Head for the entire 
department? 

Are the unit plans usually prepared 

by a committee of teachers for the 
entire department? 

Do you usually plan the lessons for a 
grade 7 class alone? 

Do you usually plan the lessons for a 
grade 7 math. class completely in 
cooperation with another member of the 
department? 

Do you usually plan the lessons for 

a grade 7 math. class in cooperation 
with the entire department? 

Are the lessons usually planned 
together with the pupils? 

Do you usually teach the class assigned 
to you for the entire period? 

Do you usually teach the assigned class 
for most of the period? 

Do you usually teach the assigned class 


in cooperation with another teacher? 
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23% 


Do you usually teach the assigned class 
in cooperation with all the other grade 
7 mathematics teachers? 

Do you teach most lessons usually to 
the entire class at once? 

Do you divide your class into 2 or 3 
groups (according to ability) and teach 
each group separately? 

Do you teach most lessons by having 
pupils working in small groups on 
prepared materials? 

Do you teach most lessons by having 
pupils work independently on prepared 
materials? 

Do you teach most lessons by having the 


pupils work in small groups or 


14. 


15. 


16. 


17. 


18. 


independently using prescribed sections... 


in a textbook(s)? 

Do you expect all pupils to progress 
through the program at the same rate? 
Do you 2xpect all pupils of the same 
ability to progress through the program 


at the same rate? 


Do you expect all pupils to progress at 


their own rate? 
In your department do you teach as 


individual teachers (independently)? 
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In your department do you teach as a team? 24. yes no 
Do you have the assistance of a teacher aide? 25. yes no 
If the answer to question 25 is yes, then please answer questions 
26 - 32. 
Does the teacher aide assist the teachers 
of grade 7 mathematics: 
(a) 4 day or less per week? 
(b) about 1 day per week? 
(c) about 3 half days per week? 
(d) about 2 days per week? 
(e) more than 2 days per week? 26-a Docu d 
Does the teacher aide supervise test 
periods? 27. yes no 
Does the teacher aide mark tests from 
prepared keys? 28. yes no 
Does the teacher aide enter marks and 
keep records? 20.8 yes no 
Does the teacher aide perform clerical 
duties? 30. yes no 
Does the teacher aide assist in the handling 
of aids and equipment? 31. yes no 
Does the teacher aide assist in supervision 


of classes? 32. yes no 
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Do you get to know individual pupils better 
or equally well in the individualized study 
setting as compared to the regular teacher 
taught class? 33. better equally well 
Do you find that you discover weaknesses faster 
or as quickly in the individualized study class 
as compared to the regular teacher taught class? 34. faster as quickly 
Has the individualized teaching method 
influenced your regular classroom teaching? 35. yes no 
Do you find that in your regular classroom 
teaching you use: 
(a) some ideas from the experimental 

method of teaching? 
(b) a fair number of ideas from the 

experimental method? 
(c) a large number of ideas from the 

experimental method? SOcmeaay Ee DmetC 
Have you become more aware of individual 
differences since you became involved in 
individualized instruction? 37. yes no 
Are you no more aware of individual 
differences now than you were before you 
became involved in individualized 


instruction? 38. yes no 
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44. 


Do you try to do more for individual 

students in the regular teacher 

taught class since you have become 

involved in individualized irerecctiont 39. yes 
For individual students in the regular 

teacher taught class do you do no more 

now than you did before you became 

involved in individualized instruction? 40. yes 
Do you prefer regular teacher taught 

classes over individualized instruction? 41. yes 
Do you prefer individualized instruction 

over regular teacher taught classes? 42, yes 
Do you have no preference with respect 

to regular teacher taught classes or 

individualized instruction? 43. yes 
Do you find that individualized 

instruction helps you to do more for 

individual pupils in a class than you 

can do in the regular classroom 

instruction? 44. yes 
Do you find that individualized 

instruction helps you to do more for 

small groups of pupils with common 

problems than you can do in regular 


classroom instruction? 45. yes 
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Do you find that individualized 
instruction helps you to do more for 
the class as a whole than you can do 
in regular classroom instruction? 

Do you find that individualized 
instruction does more for the above 
average students than regular 
instruction does? 

Do you find that individualized 
instruction does more for the average 
student than regular instruction does? 
Do you find that individualized 
instruction does more for the poorer 
student than regular instruction does? 
Do you find that individualized 
instruction slows the progress of the 
above average student? 

Do you find that individualized 
instruction slows the progress of 

the average student? 

Do you find that individualized 
instruction slows the progress of the 


below average student? 
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53. Do you find that discipline is more 

difficult to maintain in 
ae the individualized instruction class 

than in the regular taught class 
b. the regular taught class than in the 

individualized instruction class 
c. no difference Oneal 4D aan C 


54. List aspects about individualized instruction which you do not like: 


55. List aspects about individualized instruction which you do like: 
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TABULATION TABLES FOR DATA 


OBTAINED FROM THE OBSERVATION SCHEDULE 
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DIRECTED PRACTISE 


CONTROL INDEPENDENT-STUDY TEACHER-TAUGHT 
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4 APPENDIX G 


TABULATION OF RESPONSES 


TO THE QUESTIONNAIRE 
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